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WATER AND’ MAN'S HEALTH 


"Whoever wishes to investigate medicine properly 
should consider the seasons of the year, the winds 


ee (1) 


and the waters in relation to health and disease." 


Water is a physiological necessity to man; it is also essential 
to Bee eeitural/ ahd andustriad: development and growth. From time immemorial, 
man has accepted water wherever he found it and usedit to maintain life and 
for other advantageous purposes. Many people in the world today still 
pursue this course, either by choice or through necessity. But all men 
were ‘hot forever satisfied with mere acceptance of available waters some 
conceived the idea, that certain waters could be controlled and made more: 
Besponsive to their needs. .In ancient times, control par pens took. two 


forms: one, to better quality, and another, to improve accessibility and 


availability. | 
The beneficial alteration of the quality of water may antedate. 
2000 Bc. However, in that year "Ousruta Sanghita" - a collection of: 


(2) 


medical lore in Sanskrit - included a statement, according to Place, 
that "It is good to keep water in copper vessels, to expose it to sunlight, 
and filter through charcoal." Other ancient Serer seen neT adn the Bible, 
Be ieieite water storing, clarifying, filtering, and distilling to make it 
more palatable and less objectionable for hygienic .use. From these days 
until the present time, man has continued his efforts poaaiove the . 
Ns athe and potability of water. in 

History indicates that the collection of water to make it more 


easily procurable was not initiated eit lapeay years after thought had 
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mile et ae 
been given to its potability. It:is said that when Caesar began taking 


(1) he found the city underlaid with 


possession of Alexandria in 47 B.C., 
aqueducts deoigned to bring water from the Nile to cisterns in which it 
became clarified by sedimentation for the use of the masters and their : 
families. In 97 A.D., Bextus Julius Frontinus was curator aquarium (water 
commissioner) of Rome and, among other works, he wrote a treatise on public 
water supply, De Aquis Urbis Romae Libri II (Tz0 Books on the Water Supply 
of Rome ) « As civilization advanced, the need for pure water and the works — 
to bring it to urban groups increased. Today the immensity of sofa, Ik 
collection and purification works is breathtaking. 

As man increased in numbers, migrated to other land areas and 
clustered together for greater physical| safety, he contributed more and 
more to the degradation of the water available to him. Diseases and 
bodily afflictiens were not then sa well identified and catalogued but 
people were just as vulnerable to them as they are today. With the improve= 
ment of the medical and biological sciences, recognition of the part . 
played by water in the initiation and transmigsion of diseases and. other 
bodily disturbanges became more and more obvious until today there is a 

frightening array of agents which can prosper in water and affect the 
Precestible person if and when the opportunity is presented, 
References 
(1) Hippocrates (460-354 B.C.).as quoted by Baker, M. N. The Quest for 


Pure Water. American Water Works Association, New York (1949). 


(2) Place, F. E. Water Cleansing by Copper. J. Prev. Med. (London) , 
.153379 (1905) . , 
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THE ROLE OF WATER 


In addition to the physiological need of man for water, the 
latter impinges upon human physical well-being in other ways most of 
which are antagonistic. | 

| If one considers parasites in their broadest sense, to wit, 
“organisms which take up their abode on or within other living organisms 
to obtain food, it is found that many of those which reach man, attack 
him and upset his physical equilibrium, use water as their habitat, 
| require it to complete their life cycle or are carried by it to points 
of entry to man. Given the opportunity, some attack man directly; others 
require water-living intermediate hosts to produce their attack posture. 

Water, both standing and running, is essential to the develop- 
ment of plants and. aninale which in direct and indirect ways influence 
man's en Roast Con by infecting the susceptible person with one 
or more of a variety of diseases. The Povertinater these HY SRaeeRTnet 
necessarily tactadens consideration of the peletieten plays in the life 
cycles of the infectious agents, intermediate hosts and the living | 
instruments of transmission. 

Toxic chemicals in waters naturally or reaching them from 
man-made sources have been the source of trouble to man in the past when 
ingested and are likely to be of more concern in the future. These can 
disturb the human in a variety of ways and to different degrees. On the 
favorable side of the ledger, however, it must be pointed out that drinking 
water is employed as the vehicle to carry a chemical, fluoride, to man 


to aid in the development of teeth more resistant to decay. 
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Man, as well as other oe ae matter, is always Ee to back- 
ou ionizing radiation ‘coming from outer Space and from races of 
Gaturally radioactive ieatepest chiefly one of potassium and those of 
the radium series, in the soil and water. These are of low intensity 
and exert little significant effect on man during his lifetime. However, 
with the pearen for end processing of, uranium ore and the employment of 
radioactive isotopes, in a variety of useful “AYS; the effect of Huigeeettit: 
wastes from these actions on water and the’ ground and erence er Ly, on man, 
becomes a matter of great import. Arei tiaaltyireduoed ionizing radiation 
plus that naturally present must not be permitted to rise to a level 
inimical to man's health. 

| m a less! complicated manner, water is important to man's: health. 
The need to keep the body clean, to remove substances and organisms whi aH 
can thoughtlessly. or unknowingly be caught up in entiances to the body, 
is of great pectance: The small child who oe his itchy eye with a 
dirty finger has no realization cree he may be pushing the PSEC 
virus into his eye. Given opportunity and encouragement ne wash his 
mede this might never happen. Cleanliness is inimical to external 
parasites such as lice and mites, and to the fungi responsible for | 
skin diseases. The use and reuse of common utensils in homes and public 
institutions and places, without adequate cleansing and disinfection, is 
another cause of disease transmission on among people Living in relatively , 
highly advanced countries. Without adequate, setaleatont conveniently 
available, many asic diseases will Suatiaeitione to run their 
disabling’ course. Dispelling filth, on the a and in the surroundings, 


requires clean water sufficient to maintain hygienic conditions « 
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PARASITES AND WATER 


Parasites (in the broad sense) and water can combine to operate 


against man's health in various ways. Time and study have resulted in 


the elucidation of many details concerning both the parasites and man’s » 


volnerability to them but much remains to be learned. The importance of 


water to the communication of certain diseases to man is quite clear but 


its relationship to the transmission of others is doubtful or even only 


suspected. 


if only to remark upon the suspicion attached to some of then. 


In this discussion pertinent dieseases* will be touched upon 


(3) 


The selection of the diseases considered for assignment to groups 


as ‘shown below was done arbitrarily and the arrangement in the first group 


ty type of parasite is only to facilitate an orderly discussion. 


Group I 


‘l. Bacteria 


Be 


be 


Ce 


Cholera 

Dysentery, Bacillary (Shigellosis) 

Leptospirosis (Weil's Disease, Canicola Fever, Swineherd 
Disease, Mud Fever, Hemorrhagic Jaundice, Fort Bragg Fever, 
Rice Field Fever, Cane Field:Fever) 

Paratyphoid Fever 

Tularemia } 


Typhoid | Fever (Enteric' Fever, Typhus Abdominalis) 


anagcedance: for nomenclature, infectious agents and synonyms hag been 
placed upon Control of Communicable Diseases in Man published. by ‘the 
_ American Public Health Association. 


oe Helminths 
‘Dracontiasis (Guinea Worm Disease) 
. -Echinococcosis (Hydatidosis, Echinococciasis) 
Ce SHC ERA (Bilharziasis) 
3- Protozoa | 
a. Amebiasis (Amebic eee 
4, Viruses 
a. Hepatitis, Infectious (Epidemic Hepatitis, Epidemic 
= Jaundice, Catarrhal Jaundice) 
Grete iT 
Dit. Marrtesl Diceases. 

These are a Oe of illnesses, having in common the symptom 
diarrhea. They constitute a major health: problem in many countries .of ‘ 
the world and a:minor one in RADIO MEST Ess Within this group are some 7 
. physical disturbances having precise: etiological definition, . as indicated . 
in the discussions of a ens of them in Greup I, and others wbthent it. 
Due to the heterogeneous character of the group and the numerous viewpoints 
expressed regarding its content, a separate discussion. seems to’ be justified.’ 
Group III 

1. Pleurodynia (Zpidenio Pleurodynia, Bornholm Disease, gear 
Myalgia, Devil's Grippe) 
2, Poliomyelitis (Infantile Paralysis) : 

The two diseases in this group, in which viruses ave the agents, 

have certain characteristics which cause one to rs suspicious of the part 


water may play in their transmission. Neither, however, as of the present, 
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has sufficient epidemiological evidence to support a water-borne theory 
of communication. 
Reference 
3) Control of Communicable Diseases in Man. American Public Health 
Association, New York (9th ed., 1960).. 

Cholera. Cholera is a serious, acute, bacterial ee of the 
intestines, the infectious agent for which is Vibrio Phelarast (Cholera 
vibrio). Severity differs greatly, ranging from explosive epidemics to 
mild cases. Fatality in epidemics may be as low as 5 per cent or as 
high as 75 per cent. 

: The occurrence of cholera in the world ee been well studied. 
This disease has probably been present in India since the echieat days 
of eecemisd history. but there is little evidence that it spread from 
there until 1817. Since that year, epidemics have taken place in many 
parts of the world. Carried by caravans, cholera swept through China, 
Mongolia, Siberia and into Russia, and along the Ganges valley ve 
Afghanistan, Russia, Tarkesten and Persia. Following water routes, it 
reached the east coast of Africa and in the same manner went from Europs 
to the United States and South America and finally across land reitis 
west coast of beth Americas » | 

Like'the tides, the disease ebbed and flowed during the nine- 
teenth century in spite of the acquisition of the nae knowledge by Snow, 
Pasteur and Kech. There has been no cholera in Ceylon since 1919, in 
Iraq, since 1931, in the Philippines since 1935, in Iran since 1939, or 
in Formosa since 1946. (4) In fact, since 1923, epidemic cholera has 
occurred outside of Asia only in Egypt in 1947 when 20,462 fatalities 


were reported. 
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Cholera is endemic in India and East Pakistan, and there may 
also be foci as endemicity in Burma, eat Cambodia and China. In 
India, Se ee deaths from 1950 to 1951 have been in either five or six 
figure numbers. In Thailand in 1945 and 1946, there were more ase 8,000 
cases. Cases and deaths from this disease as Pabertad by the World Health 
Beceiestion for 1956 are shown in table 1 and more recent reports on 


cases of the disease are included in table 2. 


een (5) 
Cases of, and Deaths from, Cholera, Ther 
. . Death Rate 
Country Roseiaeien Cases Deaths per 100,000 
Burma 13 6 
Cambodia uh 1 
India 376,741,669 24,372 S616 
Pakistan . . 
_ East Pakistan: 42,062,610 18,471 Ay 
‘TABLE 2 (6 a 
. Number of Reported Cases of Cholera 
Year 
Count 1958 nf 
Burma 9 Pens 
India | 665536 13,858 
Pakistan i 
East Pakistan | . 1 16,423 20,095 
Thailand | be 7: 


Before the discovery of bacteria, the infectious agent of 
cholera was a matter of LIA By a masterful piece of Sees 


(7) 


logical research, Snow collected and presented evidence proving that 
contaminated water played a role in its spread. The violent London 
outbreak of 1854 which he studied so thoroughly occurred in the vicinity 


of the Broad Street pump near Cambridge and Broad Streets. There were 
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nd \2 ee 
about 500 fatal attacks of cholera in ten days and all case histories 
showed that water from the Broad Street pump had been used for drinking. 
This source of water, as well as other limited water sources, had become 
contaminated with the infective agent. 

Additional evidence accumulated by Snow pointed up the difference 
in cholera incidence in the houses supplied by the Seuthwark and Vauxhall 
Company, obtaining their water from atpertuted section of the Thames 
River, and by the Lambeth Company which had recently removed its intake 
to an area in the Thames "quite free from the sewage of London". Snow 
commented that "the mortality in the houses supplied by the Southwark 
and Vauxhall Company was * * * between eight and nine times as great as 
in houses supplied by the Lambeth Company * * *", 

Snow's investigation and his subsequent explanation of it con- 
vinced almost all authorities that drinking contaminated water containing 
an infective agent was, at least, one way in which cholera could be con 
tracted. After Koch discovered cholera vibrio in 1883, much new knowledge 
concerning bacteria became available and Snow's exposition of the place 
ef polluted water in the causation of cholera was confirmed. 

Convincing proof of the presence of cholera vibrio in water 
consumed by humans in India who later died of cholera was given to the 
1884 cholera conference by Koch. As reported by Pollitzer, (2) Koch said, 
"I succeeded * * * in finding the comma bacilli with all their character- 
istic properties in a tank which supplies water for drinking and household 
purposes for all persons living round it and in the immediate vicinity 
of which a number of fatal cholera cases had occurred. As was established 


later, the linen of the first cholera victim succumbing nearby had been 
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Washed in the tank ** *, On its shore there were 30-40 huts inhabited 
by about 200-300 persons and 17 of these had died of cholera." 

The 1892 cholera outbreak in Hamburg, Germany is a classical 
example of the spread of cholera’ by a waterworks system. This city took 
raw water from the Elbe River and pumped it into its pipe system without 
purification. How re initial infection of the river water took place. 
could not be definitely established. Sporadic cases of cholera occurred 
for several weeks and then the axpleeigs outbreak started. Before the 
Beidedie had run its course, there had been 19,891 cases and 7,582 deaths. 
The SCN Sa communities of Altona and Wandsbeck which had water supplies 
coming fron other sources suffered much less than Hamburg. The distribution 
of cases coincided strictly with the territory of the water supply. 

"The presence of cholera in man is * * * an ial prereab i pre- 
requisite oc the contamination of he pene ee which then Becepd aly, 


become the vehicle of the infection * * *, _ (8) 


Water taken for human 
consumption from irrigation channels, tanks and ppengee springs, (9) and 
wells, as well as from rivers, has been found ie contain the contaminating 
- agent causing cholera. The infectious agent reaches these waters in more 
or less devious fashion but man is the original source of thems he is 
also often the instrument through which they eager the drinking water in 
a direct manner as opposed to the indirect one. 

Some observers hold that cholera vibrios persist for prolonged 
periods in contaminated water. Read and Pandit, 2°) after examining 
many water samples from various sources in Bengal where cholera was present, 


found that the organism persisted for more than five days but not longer 


than 16 days. Therefore, in the maintenance of epidemics, it is likely 


oe i ee 
‘that the persistence of the organism in water is not so important as are 
repeated infections of the water supplies. ) 

Foods grown in areas fertilized with night-soil (excreta), or 
washed in or prepared with water containing cholera vibrios, can become 
carriers of the infection. For example, lettuce and celery are good . 
potential carriers because vibrios can find a suitable habitat in the 
moist crevices of their lenyes® Fish and shellfish taken' from | 
Pettedawaber for human consumption should be avoided; they have also 
been incriminated in the spread of cholera. Flies also play an important 
role in transmitting this infection. (11) 

The part played by carriers in the spread of cholera has. been 
studied by many over a long time. In 1952, Pollitzer't 2 heseried that 
there la no reason "to revise the opinion, held by most experts with 
‘experience in areas where Prelora is endemic or frequent, that’ only "acute": 
| carriers, that is, individuals late in the incubation stage, those actually 
ill, and possibly also those in early convalescence, are instrumental in | 
spreading infection". | 

Man's susceptibility to cholera infection is variable. Clinical 
manifestations of the disease do not always follow the ingestion of cheers ' 


vibrio. There is agreement, eh Gey that if the disease does not appear 


following eee nee? it is due mainly to an ede ott resistance ‘pather 
et OS 
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than because of a specific natural immunity. eeuevern tron a clinical 
attack appears. to provide some protection against the disease for several 


(13) ; 


years. As stated by Maxcy, "an attack of cholera does not necessarily 
confer protection against a Shit he attack, Nevertheless, second attacks 


within a period of a few years are uncommon" ; 
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The prevention of cholera is a problem of protecting man from 
himself. The human reservoir is able to supply an adequate number of 
causative organisms for the various vehicles of distribution to bring 
to man’s ay the portal of entry. Cut these lines of communication - 
water, milk and other foods, flies - and the hope of the Second World 
Health Merenly to eradicate cholera, can be satisfied. 

There are a number ecioreventive measures which can be instituted 
to end the spread of cholera. Among them, the provision of pure water in 
quantities adequate for drinking and culinary purposes, and the mainten- 
ance of a decent standard ef cleanliness rank high. If a public water 
eee distributed through a system of pipes) is in use, the water 
provided must be treated to sheide gas that it is always free of cholera 
vibrios and the integrity of the delivery system of pipes must be such 
fast the water reaches the consumer in an unimpaired state. «Small drink- 
ing water sources not intended for use to supply piped systems must be 
of safe quality and so protected against contamination that the water 
cannot be degraded either through natural causes or by man's negligence. 

With respect to water not intended for devaking ithaen as water 
used for bathing, swimming, or washing of materials or Aepend yy eatace 
there is assurance of its freedom from contamination, the only safe pro- 
cedure is to stay out of it and not use it for any purpose which would 
offer even the remotest possibility that any of it will reach the mouth. 
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Bacillary Dysentery. Bacillary dysentery is an acute bacterial 
infection of the. intestine; it is one of the most important causes of 
death among the very young and the enfeebled old, and among people 
living in primitive conditions. The infectious agents which reach the 
gastrointestinal tract via the oral portal are various species of the 
genus Shigella among which the more important ones are Shi ella dysenteriae, 
Shigella sonnei, Shigella flexneri and Shigella boydii. 

.. This disease ig world-wide in eccurrence and has afflicted man 


since the beginning of history. Dubos ‘15) says that Herodotus blamed 
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ie defeat of the Persian army in 380 B.C. partly on dysentery, Descrip- 
tions by Hippocrates in the same period suggest that the eet was well 
known in Greece.’ | 
Bacillary dysentery appears in epidemics in the temperate as 
well as the tropical areas of the world although it is more frequent and 
_ (4) 


violent in the “het countries. Major outbreaks have taken place in 
India, Viet Nam, China, Japan, Ceylon, Malaya, the Philippines, Java, 
northern Brazil, Haiti, Panama, Puerto Rico, Egypt, Syria, Arabia, Jordan, 
Israel, French Equatorial Africa and the Belgian Congo. Distribution 
curves show a relationship between temperature and disease but it is be- 
lieved that the level of sanitation in a particular area is a more important 
factor in incidence than temperature by itself. This disease is a "filth" 
disease and it has been demonstrated that when good sanitation measures 
are employed by the authorities and their constituents, epidemics can be 
curtailed although sporadic outbreaks of limited extent will continue. 
Current vital data on bacillary dysentery per se are not 
generally available; it 49 most often included in statistics covering 


all forms of dysentery. Tables 3 and 4 show death rates for certain 


countries and specific years for the dysenteries combined. 
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Death Rates Per 100,000 Population 
Latest Causes 
| Available Typhoid Dysentery, 
Country : Year Fever All Forms - 
Bolivia 1954 239 16.7 
Canada ~ : 1957 Ocr 0.2 
Ceylon 1956 oye 6.4 
Costa Rica 1957 gE ‘ 58 
Hungary 1957 0.2 i hogs: 
New Zealand 1956 ee 0.0 
pepmeocre; tadta 1957 Der U2 ee 
Thailand\>) 1955 7.20 22.0 
United Arab Republic 
’ Egypt 1955 6.3 1.4 

Union of S. Africa 

White population 1956 0.2 0.7 

Colored " . 1956 P 2a 4.5 

Asiatic " 1956 6.7 7 
United States : 1956 0.0 Os 


Explanation of symbols: ‘ 
=» (dash) = magnitude negligible. 
0.0 magnitude less than half of unit employed. 
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TABLE 4 
Death Rates per 100,000 Population spat 
Specific Causes in the Americas, 1956 17) 
| | | Cause _ ty 

Dysentery, 

All Forms 

(Includes Paratyphoid 

Amebiasis Fever( Includes 

and Bacillary Other Salmonella Typhoid 
Count Dysenter Infections Fever 
Argentipa(2) OL , 1.0 
Bolivia 27 1 05. Ovy 
Brazil(b) ea 0.0 1.6 
Canada(c) 0.2 0.0 O.1 
Chile 1.3 0.3 AP 
Colombia 5 4 034 4,3 
Costa Rica ae 0.6 1.6 
Dominican Re ublic (4) (h) 549, or lee 
Ecuador (4) (e). 7.8 0.9 25.4 
El cenaigt® (d) 6.1 0.1: ou 
Guatemal 85.6 0.8 10.2 
Hondur: 1440 O.1 4.0 
Mexico 1627 2.6 13.3 
Nicaragua 9.0 SILO Br6 
Panama (e) me re Se 

g 5 0. 

preety 17.9 cee 9.0 
United States (a) 0.3 0.0 0.0 
Uruguay\d 0.0 ~ Q.9 
Venezuela gE eye 


Explanation of symbols: 


ese = data not available. 
0.0 = magnitude less than half of unit employed. 
- (dash) = magnitude negligible. 


(a) - Year 1953. 

(b) = Federal District and seven State capitals. 

(c) - Excluding Yuken and Northwest Territories. 

(d) - Year 1955. 

(e) - Data from Boletin Estadistico, Vol. 2 (1957). 

(f) - Data for 1954-1955. 

(g) - Incomplete registration 

(h) - An errata sheet withdraws these figures as inaccurate. 
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Jails and asyiuns(15) have long been the sites of outbreaks 
of bacillexy dysentery due undoubtedly to over-crowding, poor sanitation 
and low standards of personal hygiene, and hospitals (19) have also had 
their share of rusiaende. Military operations have always been accompanied 
by dysentery. In the American Civil War, the annual morbidity rate aftri- 
buted to dysentery in the northern armies was 876 per 1,000 indie tenth 
rate 10.3 per 1,000. Compare this death rate with 0.003 per 1,000, the 
rate in the United States in 1955 for bacillary dysentery and amebic 
dysentery combined (see table 4). 

In civil populations, the relative importance of bacillary 
brecutéry as a cause of illness and death can only be surmised were ne, 
an unknown erenertiéa ef such diagnoses as diarrhea, dysentery rosie laeeied ed, 
and diarrhea and enteritis are probably bacillary dysentery. Also, inapparent 
infections undoubtedly greatly out-number the clinical cases. 

Although the dual etiology of dysentery was established in 1896, 
the two forms - amebic and bacillary - are still not distinguished one 
from the other in large parts of the world. This ig reflected in the 
death rates shown in tables 3 and 4 which indicate that many deaths 
from the two diseases still take place in many world areas. Differential 
diagnosis depends upon the demonstration of the etiological agent and 
until facilities with which to make such determination are more widely 
and readily available, the mixing of these two dysenteries when reporting 
illnesses to the authorities will continue. Incidence of the two diseases 
in several American counties is given in table 7. In some countries, 
amebiasis is more prevalent than bacillary dysentery; in others, the 


statistical picture is reversed. 
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Shiga isolated the organism named for him and showed its etio- 
logical relationship to dysentery. During the next 30 years, Flexner, 
Sonne and Boyd also contributed to the process of identification of infec- 
tious agents as evidenced by the names aitashedite other species of Shigellae - 

Since these findings, many investigators have shown that ie 
principal agent found in severe, acute diarrheal diseases is a member 
of the Shigella group. For example, MeGinnes'“°) studied diarrhea and 
dysentery in Henrico County, Virginia (U.S.) during a three-year period, 
1930-1933." Among 176 families, 302 cases were found to have occurred, 
and complete clinical records and repeated stool examinations were obtained 
upon 295 of these. Upon clinical study of this series of 295 cases, 141 
(48 per cent) were classed as dysentery and 154 (52 per cent).as diarrhea. 
Bacteridlogical examination of the stools of those diagnosed as haying 


dysentery showed that 69.5 per cent were positive for Sh. flexneri or 


Sh. sonnei; similar action with regard to those diagnosed as’ having 
diarrhea produced positive results for the same two Shigellae’ in ho .9 
per cent of the cases. 

Man is the reservoir of the infection and feces of infected 
persons are the source of the organisms which infect others. Coritami- 


(21) ave been incriminated as transmitters of this 


nated foods and milk 
disease, and flies?) ana even ice (23) have been involved in outbreaks. 


The capability of the housefly, Musca domestica, to transmit dysentery 


bacilli in their feces and particularly their voinit—drop has been con- 
firmed by a number of Zia decreas (24) (25) Contaminated water has also 
been proven to be a source of infection but genuine water-borne: out. 


breaks have been comparatively rare and usually occur through the medium 
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of faulty plumbing or pipe connections, or because of failure to adequately 
protect the small privately-owned drinking water source against invasion 
by infected feden. 

cox!) has recorded that in 1937 in New York State, there were 
eight outbreaks of bacillary dysentery of which only two were proven to 
be water-borne and that in 1938, in the same area, there were 23 outbreaks 
and only four of them were water-borne. ! 


(27) 


Eliassen and Cummings made an analysis of water-borne out 
breaks which occurred in the United States from 1938 to 1945. These 


outbreaks were divided as follows: 


Disease Outbreaks == = Cases 
Dysentery 35 8,622 
Gastroenteritis 198 101,339 
Typhoid fever 99 1,359 


Among a number of general statements evolving from this analysis were 
that (1) private water supplies were responsible for 70 per cent of 
the total number of outbreaks, and (2) the contamination of. the water 
distribution systems via cross-connections and back-siphonage was denen 
sible for 42 per cent of the total number of cases. 

In a study of water-borne disease outbreaks for the decade 
1920-1929 in the United States, including both typhoid fever and dysentery, 


Wolman and Gorman 22) 


ranked the surface pollution of shallow wells as 
the most important cause of pollution of drinking water. 

| At the Chicago and Alton Railroad shops in Bloomington, Illinois 
(U.S.) one of three cross-connections between the drinking water supply 


coming from the city and the railroad's industrial water supply of quite 


inferior quality proved to be a weak point in this dual system. The city 
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water was protected at this cross-connection by one gate valve but when 
the pressure became higher in the industrial system than it was in the 
one carrying city water, the valve leaked and contamination was purveyed 
to water drinkers causing 300-400 cases of dysentery and 130 cases of 
typhoid Pecenusees 

Another large epidemic involving 3,000 cases of bacillary 
- dysentery was attributed by Kinnaman and Peelwan > sto the entrance of 
sewage into the water distribution system of Newton, Kansas (U.S.) through 
frost-proof hydrants and water-closet valves which became submerged in 
the sewage. 

The maintenance of a high level of Shigella infection depends 
upon the transfer of human feces containing Shigellae from one person 
to another. If the auanii ted ee feces in circulation is reduced, the 
number of cases of bacillary dysentery will follow the game trend. One 
means of curtailing transfer of infected feces directly from one person 
to another is to cultivate and maintain high standards of personal hygiene; 
where high standards have come into being, the bacillary dysentery inci- 
dence rate has been lowered. Another important. measure directed to the 
same end is the control of drinking water quality from source to consumer 
to exclude contaminants carrying Shigellae. 

In the hireat person-to-person transfer , carriers play an. 
important role. During the course of the iliness, the patient will 
excrete viable Shigellae. This situation will obtain on the average 
for a month and in some cases the organism may persist in the intestinal 
tract for a year or two. In the MoGinnes (7° investigation, 625 apparently 


well people who were in contact with persons clinically ill with dysentery 
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and diarrhea were examined bacteriologically. Of these, 110 (17.6 per 
cent) were found to be Pareitare of Sh. flexneri or Sh. sonnei. In 
families where there were one or more bacteriologically positive cases 
of elinical dysentery or diarrhea, 25.3 per cent of the Beetarts were 
found to be carriers; in families where the bacteriological results were 
negative, the proportion of obetacte “shown to be carriers was only 9.3 
per cent. | 

In addition to transmission in water, the lack of water plays 
another equally important part in the person-to-person communication of 
bacillary dysentery and this role is a quantitative one rather than 
” -Giatitatives Of all the measures “bat hae in the Actas of the person, 
Dearne eertainly ranks first. That cleanliness of ine person is inti- 
mately related to the transmission of bacillary dysentery (and other 
diarrheal disorders) is strongly implied by the results of careful work 
done by a number of investigators. — 

In 1950, in Fresno County, California, pateicu) investigated 
diarrheal diseases and concluded that the availability of water for 
personal hygiene “influenced” the prevalence rates of Shigella. Some- 
what later, a similar study by Stewart‘) was made in Georgia and the 
findings ‘sins area that Shigella infection rates were highest where water 
was tesa available ter personal cleanliness. Some of the data derived 


from Hollister'’s study‘) of migratory workers are shown in table 5. 
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ie | TABLE 5 
area Number of Cultures by Type of Subcamp 
i | Per cent o 

Type of, ; Number of «Per cent of | Fanilies(®) 
Subcamp Cwltures ‘Cultures Positive Positive(> 
Cabin with faucet and 

shower and/or toilet 985 Seas 2.5 
Cabin with faucet only 688 3.0 6.2 
Cabin with no plumbin | 

inside : 44.38 8 12,0 


(b) - A positive family is one in which at least one child was. 
found to be positive for Shigella during any one month. 


From. these and other data, the conclusion was drawn that the control of 
Shigella infections may be heasurably helped by making water easily and 
readily accessible for personal hygiene. | 

| Man is, in general, susceptible to bacillary dysentery but 
the disease is more cadhen and more severe in children than in adults. 
Relapses and second attacks of the disease yaa but, in the tropics, 
it is not uncommon that persons living in areas where the disease is 
Maleeicitand ta becene immune to welludefined clinical attack. 

Bacillary dysentery can be prevented by keeping man from 
putting feces containing the infectious agents into his mouth. Ona 
community basis, measures which will help to keep man from doing this 
include: 

1. Sanitary disposal of human feces. This will keep the 
chigellae away from man's fingers and out of foods and milk which can 
carry them to his mouth. 

2. The provision of safe water, free of the causative organisms, 
for domestic use in the home or the place of living. 

3. Supplying safe waten tina quantity adequate to permit a 


high level of personal hygiene. 
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4, Abatement of fly breeding so that they cannot serve as 


mechanical carriers of the infection. 


On the individual basis, the most important actions are: 


1. The practice of habits of cleanliness to preclude placing 


the infectious agent in one’s mouth or transmitting it to a vehicle which 


subsequently passes: it on to another's mouth. 


2. Exclusion of flies from the home or place of living. 
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Leptospirosis. Leptospirosis is an acute, bacterial, systemic infection. 

Acute illness may last from one to three weeks and there may be relapses. 

The fatality rate is low and it increases with advancing age. In severe 

cases, the death rate may reach 20 per cent. A bacterium of the genus 

Leptospira (Order - Spirochaetales; Family - Treponemataceae) is the in- 


fectious agent, and the more important species causing the infection are ~ 


Leptospira icterohetiorrhagiae, Le tos ira canicola, Leptospira autumnalis 


and tospira pomona but other species can also be invelved. 0 The — 


causative organism of spirochetal fever (at one time known also as Weil's 
disease which is now a synonym for leptospirosis) was discovered by Inada 


in 1915. 
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The reservoirs of infection of one or andther of the species of 
Leptospira are distributed all over the world; similarly, the disease 
prevails in all parts of the world. This disorder is probably far more 
common than has hitherto been suspected; its association with jaundice 
has tended to delay the recognition of the true prevalence of leptospiral 


(35) 


infections. Yager believes that infections of this kind in North 
America, for example, are "of far greater significance than has been 
attributed to them in the past". 

Mortality figures on a world-wide basis are meager. Cases of 


the disease, as notified to health authorities in 1957 and reported to 


the World Health reer rani on aoe are as follows: 


Africas four countries - 259 
Americas three countries = ay 
Asias one country a 34 
Europe; sixteen countries - LAO 
Oceania; seven countries - 313 

Total 1,107 


For the decade, 1949-1958, the Pan American Health Organization 


(37) 


has gathered a small amount of information on the number of cases in a few 


countries, as follows: 


Argentina ~ 16 
Barbados rs a 
Cuba ne 4 
French Guiana ~ s 
Haiti - a4 
Hawaii = 18 
Jamaica = 9 
Puerto Rico = 100 
United States i 378 
Venezuela = 29 

Total 559 


Leptospirosis is primarily a zoonosis and man is an aberrant 


host. The reservoirs of the infection include cattle, dogs and Swine, 
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and rats and other rodents. Dubos ‘25) states that 40-60 per cent of the 
wild rats in the United States are naturally infected with leptospira. 
Urine of infected animals. is the main source of the infection; rodents 
and common domestic animals will pt cel the organisms in their urine for 
an indefinite period of tine, (2) 

The infectious agent presumably enters man through small breaks 
in the skin or Rirenee mucous membranes. Therefore, the persons most 
likely to be attacked by leptospirosis are those who swim in contaminated 
waters; workers whose duties require frequent contact with contaminated 


(39){40) 


water; (2°) persons who work with fish, eae AER and meats; and 


those who live or work in premises heavily infested with rats. There 18 


i belief that infected tissues also play apart in. communicating the ; 


disease tec man but Van der Hoeden 42) 


states that the "consumption of meat 
of infected animals will hardly cause any danger since, when rigor mortis 
sets in, the pH*of the muscles has penne | to a dearer sufficient to 
destroy the leptospira"™. 

The most common epidemiologic pattern is that in which ae ieee 
into contact with water contaminated by leptospira=containing urine of 


infected animals. Williams‘??? 


described an epidemic of 24 laboratory- 
confirmed cases (22 children and two adults) of leptospirosis due to 
infection with L. canicola in a community in Georgia and two additional 


cases «among non-residents. The source of the infection was a small 


swimming hole in a little creek. L. canicola was found to be in syine 


and cattle on surrounding farm land and in a dogs in the settlement, vce 


of which had easy access to the creek. 
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An epidemic of an influenza-like disease. which attacked 50 of 
80 persons whe had been swimming in a creek near Geneva, Alabama (U.S.) 
was recounted by Schaeffer. | 43) There were numerous rats and hogs on 
outlying farms. Eighteen of 22 of the involved persons showed antibody 
titer increases against L. pomona. A control group which had not been 
ovinning was - negative. In an Okinawa) outbreak, Gauld reported that 


16 patients were show serologically to have infections caused by L. heb- 


domadis’ Bs ten of the 16 persons were swimming in a Noff-limits" pond, 
tvs, mei bad an accident which trapped them for a short time in a rice 
Peri viere thayssvalloved some of the water,. and evidence: was strong 
that the other four had also been swimming in the "off-limits" pond. 


In the Soviet Union, Mikhailovoskii 


| found that water played 
"the ‘Leading role in the spread of infection in a new endemic focus of 
Sige emnirosi sé. It was serologically determined that L. grippotyphosa 
was the infective agent and that field mice were the most probable source 
of the leptospira. iy 

ak 45) studied L. icterohemorrhagiae with respect to its 
survival in natural waters and its reaction to disinfectants. In Charles 
River (Mass. ) water the survival time ranged from three to four days at 
31-32 degrees C. to eight to nine days at 5-6 degrees C. It was also 
found that high and particularly low hydrogen ion concentrations (50 and 
8.5) were detrimental to leptospira survival. At a hydrogen ion concen- 
tration of 5.0, calcium hypochlorite killed all leptospiras in one minute 
when the residual was 0.5 part per million (ppm) and in three minutes 
when the residual was 0.3 ppm. Similar figures at pH 8.0 were one minute ~ 


6 ppm residual; three minutes - 3 ppm residual. Kirschner and Mareirae) 
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reached conclusions similar to those of Chang and his associates with 
regard to the influence of envirorimental conditions on the survival of 
L. pomona. 

The susceptibility of man to this disease is general. Although .. 
Reriutinating antibodies have been found to persist in the blood of re~. 
covered patients for many years, second attacks occur. 

"Preventive measures vary according to (1) the ecology of the. 
carrier host, (2) the mode of Cvanentsatan of infections, and (3) the 
population at risk, and they must be developed to meet the different 
epidemiologic patterns encountered,"‘15) The chance of picking up an 
infection eabaieniieting in officially-recognized pools is relatively remote 
and it becomes oe so when effective measures to exclude animals — parti- 
cularly rats - from such pools are provided. In regard to the “old . 
swimming hole", there is not much that can be done to reduce risk to 
swimmers -in them except to. warn them of it. When workers in sewers, 
mines, rice fields and other naturally wet areas must, by reason of their 
tasks, come into frequent contact with water subject to infection, pro- 
tective clothing should be worn by the workers. This is front also, of 
industrial employees handling meat and poultry. Rat-proofing of indus- 


trial establishments to keep out rodents will reduce the expogure risk. 
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Paratyphoid Fever. Paratyphoid fever is a generalized bacterial 


infection of man which is clinically indistinguishable from typhoid fever 


but is milder. The mortality rate of 1-5 per cent 


(47) 


is much lower than 


that for typhoid fever. 


The agents causing this infection?) ares 


(1) Salmonella paratyphi - a natural pathogen of man, not 


known to be a natural pathogen of other aatealesoree 
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(2) Salmonella schottmuelleri ao ® natural pathogen of 
man but alse found rarely in cattle, sheep, swine, 
(48) 


lower primates and chickens; and 


(3) Salmonella hirschfeldi - a natural pathogen of man, (48) 
The number of serotypes of Salmonella has now become so large that they 
have been separated into groups.* Group A is Salmonella paratyphi, only 
Group B contains 51 serotypes including S. schottmuelleris and Group Cl © 
contains 49 serotypes among which is S. hirschfeldi. | 

be strain of Salmonella may produce a bacteremic infecticn 


having a clinical reaction similar to that for paratyphoid fever. 


Salmonella organisms are found in man in all parts of the world 
and in the intestinal flora of many domestic and wild animals. Group 


t Satie 


members of this organism are not, however, uniformly distributed throughout 
the world. For eae Group A is common in Europe while Group B is tee 
most common in the United States. Group C is found most often in eastern 
Europe and Asia. | 

The disease occurs throughout the world in epidemics and spora~ 
dically. It is mest likely to strike with greater frequency and intensity 
where effective sanitation measures have not been instituted. Undoubtedly 
there = many unrecognized fareetiana as well as many clinical cases 
which are never detected er reach disease-reporting authorities. 

Globsl incidence of cases netified' ‘to health authorities for 


6 
1957? ) are shown below: 


*See Kauffmann-White classification (1955) in refsrence (48). 
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- Africa - 298 
America : 4,619(a) 
Asia on 2,800 
Europe La 13,918 
Oceania - 4? 


(a)Of this group, the United States reported 6,693 in which 
ather salmonellosis is included. 


Man is the reservoir of the agents causing paratyphoid fever 
oa yell as other’ Se monella infections. Saphra‘"?) studied 9,284. clinical 


aril subclinical ‘human Salmonella Rufect (ane at the ‘New York Salmonella 


Center (New York City) and found that 98,1 per cent of them were in Groups 
A, B, Cl, C2 and D excluding S. typhi, and E. In more detail for the Pirst 


four of these groups, there were in 


Group A ~ 0.5 per cent 
Group B ~ 42.2 per cent 
Group Cl ~ 28.8 per cent 
Group C2 - 13.4 per cent 


. The sources of the Laregtl du are the feces and urine excreted 
‘yy those having an acute infection or others who have recovered. but are 
temporarily carrying the bacteria inthe tissue. According £9 Bandai, 
at least 2-4 per cent of the cases of paratyphoid fever may be expected 


to be chronic carriers. In Saphra's'9) study of 7,779 cultures from 


human Salmonella infections, he learned that 15.5 per cent of the 18 


species of Salmonella identified came from healthy carriers. 


As is the case with other. filth diseases, paratyphoid fever is 
communicated by man's transfer of infected dejecta to his mouth either 
directly or by means of a vehicle such as food or water. Milk and milk 
products and shellfish are suspected as being the main food vehicles. 

The short distance between man’s contaminated fingers. and his mouth lends 


férce to the importance of proper and safe disposal. of infected fecal 
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matter and personal cleanliness as means of severing the line of communi- 
cation of this disease. 

Unlike typhoid fever, very few outbreaks of paratyphoid fever 
can be attributed to drinking infected water. Similarly, the indirect 
part that polluted water plays in contaminating shellfish and. milk tensile; 
for example, is not too well substantiated by published. epidemiological 
researches. 

Evidence relating paratyphoid fever occurrence to the infective 
agents set forth above is not available but there are citations of a 
considerable number of cases due to S. paratyphi A, B and C. Whether 
these are specifically S. paratyphi, S. schottmuelleri or S. hirschfeldi- 
is not clear. 

In 194, S. paratyphi B was isolated from the water supply of 
Neudtting, Germany ‘99) following an Catepones of 415 ded of what was 
clinically named typhoid fever. A second water-borne epidemic of 816 
cases due to the samé cause was reported in 1950. Bursting water mains 
allowed organic matter to enter them which absorbed the chlorine added 
to the water making it ineffective. 

An infection of a well through defective drains from an unknown 
cause produced a water-borne paratyphoid fever outbreak in Brixworth, 
England in 1951, 691) Bact. paratyphosum B (S. paratyphosum B) was isolated 
from the water. Four cases showed clinical symptoms and 21 others excreted 
the infectious agent at one time or another though not all were positive 
at the first examination. In a small town in Slovakia in 1948, (52) 57 
cases of paratyphoid A occurred. Wastes from a hospital, inadequately 


purified, were discharged into a stream used by many town people. 
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In Worcestershire, England in 1941, §53) a milk supply’ was 
apparently contaminated secondarily from a polluted brook water supply. 
In this outbreak, there were 17 primary and secondary cases of paratyphoid 
B, and "paratyphoid B bacilli" (S. paratyphi B) were isolated from the 
feces of nine of the cases. Another ontbresk of paratyphoid fever: involving 


54 cases happened in the Carse of Gowrie, Scotland in rol, (4) 


The vehicle 
was milk infected by water draw from a brook. Paratyphoid B (S. para~ 
typhi _B) organisms were involved in the infection. 

Man is generally susceptible to infection by Salmonella including 
those held responsible for paratyphoid fever. Some immunity, species fa, 
specific, usually follows recovery from the infection. 

Measures appropriate to reducing the spread of this disease 
may be broadly stated as: 

(1) Elimination of the sources of infection and of the modes 

and vehicles of transmission, and 

(2) Increasing the resistance of the susceptible host, 

As preventive actions for paratyphoid fever are similar to those 
for typhoid fever, more detailed discussion of them will be made in connec- 
tion with the latter disease. 
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Tularemia. Tularemia is an acute infectious disease caused by a 
bacterium, Pasteurella tularensis. This infection is basically one of 
wild mammals; man is only an incidental host. Tularemia has probably 
been endemic in the Americas and Asia for a long time but i 1912 McCoy 


(55) 


and Chapin found it in dead rodents in Tulare County, California, 


and named the causative organism Bacterium tularense. The mortality 


rate in 15,525 cases reported in the United States from 1915 to 1942 was 
6.9 per omat fi 15) 
Tularemia is present today in the Americas, in many parts of 
Europe, arid in the Soviet Union, Turkey and Japan. Ordinarily, cases 
appear sporadically but the disease may become epidemic. Schmtat 59) 
has reported an epidemic of water-borne infection caused hy the contami- 
nation of wells and streams by water rats. In the Rostov, Seviet Union 
area, there were 8,500 cases in November 1941 and 14,000 in January 1942, 
presenting a serious ident situation. 
Data on cases of, and deaths from, tularemia are sparse but the 
rélative reported prevalence in the ‘Americas is illustrated by the following 
figures compiled by the Pan American Health Organisation?” 


1949 threugh 1958: 


for the years 
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Alaska - 2 
Argentina - 3 
Canada e 64 
United States - 73052 
Venezuela - of 


At least 48 vertebrate species of animals have been incrimi- 
nated as hosts of tularemia. In the United States, naturally infected 
hosts include rabbits, squirrels, mice, rats, beavers, chipmunks, opossums, 
skunks, quail, prairie chickens and pheasants. It has been estimated that 
1 per cent of the wild rabbits in the United States are infected. (22) | 

When man becomes infected, the portal of entry is by way of 
the skin, mucous membranes, or the respiratory or alinentary tract. Contact 
-by man with infected tissues or body fluids of infected animals, node or 
(58) 


insects is the. most frequent cause of his infection. Simons estimated 
that 81 nas cent of the tularemia cases in California were caused by con- 
tact with infected wild jack rabbits. Other means of acquiring the in- 
fection are from the bites of flies or ticks, by ingesting contaminated 
food or water, or by inhaling dusts carrying the causative agent. Aeaate 
species of ticks, and one species each of the deer fly and the mosquito, | 
are important reservoirs of tularemia; however, "survival in 54 arthropods 


(15) 


has been reported". Under natural conditions, this disease is not 
transmissible from man to man. | 

A serious epidemic involving 28 cases ina Civilian Conserva~ 
tion Corps camp in 1935 in northern Utah was reported by Hillman. (59) 
Many Corps employees worked stripped to the waist in warm weather and 
had many fly bites as a result of doing so. Deer flies had become much 
more numerous a week or two before the first case occurred. Jack rabbits 


were found dead without signs of having struggled and older men who were 


not outside working without shirts were free from infection. 
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Eating foods infected with P. tularensis has been proven to 


(60) 


have caused tularemia in man in many instances. Amoss reported two 


cases - both fatal - which appeared to be caused by eating infected 


(61) 


rabbit. Francis described three family outbreaks resulting in 13 


cases and eight deaths ensuing from the consumption of insufficiently 
cooked rabbit meat. 
The first reported outbreak of tularemia due exclusively to 


(62) 


In 1935, 43 cases occurred among 


(63) 


water was related by Karpoff. 
native hay-mowers in the Soviet Union. It was shown that they drank 
unboiled water from a brook which was thought to have been contaminated 
by water rats. Another eutbreakhe in the Soviet Union happened when 
drinking water was taken from a small river which was a favorable habitat 
for water rats. This outbreak ended when the source of infected water 
was cut off. One confirmed case of this disease has been attributed to 
handling fish which came from waters undoubtedly carrying the infectious 


geenta ier 


Barkeraoe and his associates reported the results of exhaustive 
studies of natural waters in the United States. He was able to demonstrate 
that water from streams in the northwestern United States, as well as the 
mud under the water, were positive for P. tularensis; however, he was 
never able to isolate the organism from naturally contaminated water. 
Contamination in the water and mud may be present at any season and may 
persist for at least 16 months. Quoting a Soviet Union source, Parker 


indicates that P, tularensis is said to remain virulent in damp soil 


for 30 days; in ice for 32 days; and in hydrant water for 95 days. 
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Men and women of all ages are susceptible to tularemia infection 
but fortunately permanent immunity follows recovery from an attack. 

Preventive measures are, of necessity, only general in character. 
When one is working, hunting or camping in an endemic area, care should be 
taken to avoid bites by or handling of flies or ticks. Rubber gloves should 
be worn when a killed wild rabbit is to be dressed or when performing lab- 
oratory experiments involving this animal. Raw water, in an area where the 
7 disease exists among wild animals, should be disinfected before it is 
consumed. 

Public water supplies drawing upon sources likely to be contami- 
nated with the infective agent can be made safe against infection by this 
disease by disinfecting the water with a hypochlorite or with chlorine 
solutions in rata. Foote (°° conducted some chlorination experiments in 
a flowing stream under natural conditions and found in one case that 
P, tularensis was rendered harmless when the chlorine dosage was such 
as to give a residual chlorine content of 0.1 ppm after 15 minutes of 
contact; in a second trial, the same effect was produced on this agent 
after 30 minutes of contact with a residual chlorine content of 0.2 ppm. 
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Typhoid Fever. Typhoid fever is a systemic infection with a fatality | 


rate of about 10 per cent. Typhoid-like illnesses were described in 


ancient times but the name was first used by the French in the early part 


of the 19th century. Typhoid fever and typhus were clinically separated 


by Gerhard in 1836 and Budd, by epidemiological research during the. 


period 1855-1870, concluded that fecal discharges of infected persons 


were the source of the contagion. Finally, in 1880, Eberth isolated 


the typhoid bacillus. 


eye 


The infectious agent of typhoid fever is Salmonella typhi or 


typhoid bacillus, a pathogen found only in man. Relatively few of the 


organisms are sufficient to cause the disease. 
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This disease is widespread throughout the world and is still - 
a common one in many countries in Africa, South and Central America, Asia 
and Eastern Europe. The extent to which it is currently taking its toll 
is illustrated by the number of cases notified to health authorities in 


1957 and recorded by the World Health Gecenisatienes a. 


Africa 27 145 
America 45 273 
Asia 29,588 
Europe Slidtee 
Oceania 294 

Total 154,027 


Additional data on the number of deaths and on death rates are shown in 


tables 3, 4 and 6. 


Deaths by Selected Causes in Ceylon . : 
oe by . Rate per 
: Year 100,000 
Cause 1954 195519561957 in 19572) | 
Cholera (b) 1 
Dysentery 621 730 570 754 8.4 
ae el ab al 
and colitis(¢) 4,337 5,420 3,688 4,204 46.7 
Infectious hepatitis 63 65 124 184 2.0 
Paratyphoid fever 9 8 2 3 : 
Typhoid fever 362 313 309 234 a4 
Ancylostomiasis 674 W702 Aas 
Due to other helminths 3,894 4,092 3,392 3,411 78 
ae 


(a) - Based upon a population of 9,000,000. 
(b) = Amebic and bacillary. 
(c) - Excluding diarrhea of the newborn. 


The only known natural hosts of S. typhi, the causative agent, 
are human beings, and the number of patients and carriers able to transmit 
the disease is large. Feces, and to a lesser degree, urine of infected 
persons are sources of the infection. Hence, either infected fecal 


matter or urine must be transferred from one person's intestinal tract 
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SAO = 
to the portal of entry - the mouth - of another person to effectuate 
the transmission of the disease. 

Communication of typhoid fever may be by direct or indirect 
contact with an infected person - either one who is ill or one who has 
recovered but still harbors the infectious organism. A number of vehicles 
of transmission have been incriminated in outbreaks and water and milk, 
among them, have been responsible for great epidemics of this disease. 
Other vehicles of significant importance are raw fruits and vegetables, 
milk products, shellfish and occasionally other foods. The fly may 
serve as a vector by mechanically carrying S. typhi from feces to foods 
which are subsequently eaten. 

clark 68) has described a small, milk-borne outbreak involving 
23 cases of typhoid fever taking place in 1938 at Great Brak River, 

South Africa. Three boy workers on a dairy farm became ill from an 
unproven source of infection and they were nursed by their female employer, 
the owner of the dairy farm. This woman milked the cows after the boys 
became ill. Excreta from the patients was disposed of in the kraal where 
the cows were milked. No sanitary conveniences of any kind were avail- 
able on the dairy premises. All the families which used the milk were 
affected and in most homes there were multiple infections. 

Illnesses due to eating foods carrying one or another of the 
many Salmonella are frequently reported in the literature. Typhoid 
fever attributed to the ingestion of infected common foods is not so 
frequently reported. In May 1960, an epidemic of 31 cases occurred in 


(69) 


southern Louisiana. Twenty-five of 79 persons who attended a wedding 


reception and six of 19 who did not but who ate some of the same food 
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-~ 4. 
served at the reception made up the group of ill ones. SG. typhi were 
isolated from all the patients and from one woman who prepared the chicken 
salad sandwiches to which the spread of the disease in this incident was 
attributed. 
A large outbreak of typhoid fever caused by eating infected 


(70) In 67 


oysters has been described by Lumsden and his associates. 
cities in the United States, during a 60-day ef late in 1924, there 
were estimated to be "over 1,500 cases of, and 150 deaths from, typhoid 
fever in excess of the normal expectancy for such period.” Definite 
epidemics of typhoid fever were evident in three cities and a marked 
excessive prevalence in ten. Epidemiological histories were obtained 
on 486 cases. Of these, 452 gave definite evidence of having eaten raw 
oysters and 77.2 per cent of this number (349) of having eaten them 
within 30 days prior to the onset of the disease. The main factor in 
the spread of the infection causing these epidemics was shell oysters 
am the preponderence of evidence indicated that the shell oysters were 
infected through the medium of water. 

In 1937, in a South African village with a risk population of 
190, there were 27 cases of typhoid fever and three aaatee The 
source of the infection of the first case among these inhabitants could 
not be proven but the others, all within the same group of 190 people, 
were attributed to fingers, flies and filth. Houses were over-crowded 
and dirty, and Pon RTE Hee to flies of which there was an abun- 
dance. Pails were used for excreta disposal and they were located close 


to the homes and freely accessible to flies. Water and milk as vehicles 


could readily be ruled out. 
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There is no paucity of written evidence relating typhoid 


(27) 


fever outbreaks to the ingestion of impure water. Eliassen's analysis 
of water-borne outbreaks in the United States from 1938 to 1945 showed 
that 99 of a total of 332 outbreaks were due to typhoid fever and that 
these accounted for 1,359 of the total of 111,320 cases of water-borne 
illnesses. Drinking raw water from streams or rivers, dug er drilled 
wells, or other sources has frequently resulted in disaster to the con- 
sumers. Piped systems of water have, due often to unfortunate and unfore- 
seen circumstances, also made their contribution to the typhoid fever toll. 


(71) 


In 1916, Ferguson described an outbreak of 201 cases - some 
of which were admittedly of secondary origin - initiated at Old Salem 
Chautauqua grounds in Illinois (U,5.). Here water was taken from three 
inadequately protected dug wells. The sewage-polluted Sangamon River, 
forming one boundary of the grounds, overflowed and submerged two of the. 
wells. Thirteen deaths were caused by this incident. As indicated ; 
heretofore, Wolman and Peay ranked the surface pollution of shallow 
wells as the prime cause of the pollution of drinking water following 
their study of water-borne disease outbreaks. 


At Croydon, England, **”) 


about 40,000 members of the population 
received their drinking water from a well 205 feet deep. It became 
necessary to do some work on this well in 1937 through one of its adits. 
Among the workmen was one who later proved to be a chronic carrier of 
typhoid fever. Strict precautions to avoid the contamination of the 
water by the workmen were taken but they proved insufficient because 341 


cases (including 19 secondary ones) and 43 deaths were attributed to this 


water supply which had not previously been implicated in an epidemiological 
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es 
incident. If chlorination of this water had not been in abeyance when 
work on the well was started, this disastrous outbreak might never have 
taken place. 
The geographical spread of a large group of infected persons, 
providing opportunity for secondary infections,is sharply illustrated 
by an incident in 1958 at a religious assembly encampment in Missouri (U.S.) 


attended by more than 550 Bekabage (2?) 


During the course of this ten-day 
meeting, more than half of the attendees had diarrhea. A drilled well, 
180 feet deep, slightly downhill and 160 feet from a septic tank and a 
sewage drainage area, furnished the drinking water. Following a heavy 
rain, water from the well was foul and was popularly condemned by the 
campers. After the encampment, the participants returned to their homes 
extending from Pennsylvania to California. Eventually 19 proven and 14 
suspected cases of typhoid fever were traced to drinking the water at 

the encampment grounds. The attack rate among participants was estimated 
to be 6.2 per cent. 

Faulty drinking water system operation resulted in an outbreak 
of great magnitude in Hanover, Germany, in the fall of 1926." At this 
time there were 20,000-30,000 cases of gastrointestinal disease in a 
three-week period and this was followed in September by a total of 2,500 
cases of typhoid fever within a 60-day interval of time. Only part of 
the public water supply was blamed for this catastrophe. 

Failure to disinfect water adequately prior to its consumption ~- 
particularly water not receiving any other purification - has resulted 
(74) 


in much illness and many cases of typhoid fever. At Xenia, Ohio, (U.S.), 


one of two sources of the public water supply is a mixed one of surface 
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and ground water. Disinfection of this water was done by carefully dis- 
solving dry bleaching powder and adding the solution at a predetermined 
rate. The bleaching powder proved to be of inferior quality with a strength 
of only one-fifth of that for which it was guaranteed. During a three-week 
period, 44 cases of typhoid fever resulted from drinking this inadequately 
disinfected water. At Tonawanda, New York, (u.s.),67) in 1920, raw Niagara 
River water was used for drinking. The typhoid fever rate of this city had 
always been high but the outbreak reported here produced 236 cases: in three > 
months. Disinfection of the water with chlorine was started at this time. 

Water serves most frequently as the vehicle of transmission of 
typhoid bacilli. When sanitation principles are only crudely followed 
and infected excreta are thrown on the ground, the first washing rain will 
carry those pathogens that survive into the nearest water colirse. Then if 
purification of the raw water is not accomplished prior to use, the scene 
is set for more cases of the disease, Beard’? studied for four years 
the survival of Salmonella typhi in soils and he concluded that 50 per 
cent of them will perish in the first 48 hours but that the remainder may 
live over a period of months depending upon the amount of rainfall, the 
moisture-retaining power of the soil and the temperature. Dubos (29) says 
that "typhoid bacilli have been found to live through a winter in firozen 
soil and for as long as seven days in well water.” Houston’a< tt? studies 
of S. typhi survival in raw river water showed that five to nine weeks 
were needed to destroy them but that 99.9 per cent of them were gone in 
the first week. Shrewsbury and Bevton wats found that the same organism 


would live in tap water in daylight and at room temperature for 211 days. 


Hence, in non-urban areas particularly, the proper and safe disposal of 
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infected excreta is a matter of great importance in the abatement of 
this disease. 

As long ago as 1916, Johnson”? urged that "the water works 
* * * should always be given preference in the allotment of moneys for 
the city's maintenance". Gradually this appeal was heard and water 
Oa fication became a prerequisite to urban living. In 78 cities in the 
United states, > the decline in the incidence of typhoid fever, due 
largely to the elimination of unsafe drinking water, is portrayed by 
the following figures: 


Death Rate per 


Year Population 100,000 Population 
1910 £2597354905 20.54 
1920 28 , 244,878 3.85 
1930 34,386,717 G1: 
1940 35,895,638 0.48 
1946 35 ,895,638(4) 0.15 


(a) 1940 census figures. 

The game encouraging reduction in typhoid incidence has taken 
place in some other world areas, as for example, Germany. Beane in 
discussing typhoid fever in Prussia in 1933, concludes that faultless 
drinking water supplies have become the most important factor in preventing 


cases of it. He supports his contention with these figures on cases of, 


and deaths from, typhoid fever in Prussia: 


Cases per Million Deaths per Million 
Year Population Population 
1913) 246 25 
1920 (@) ho 38 
1930 92 9 


(a) Until 1925, typhoid and paratyphoid were not distinguished from one 
another. 
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Where modern sanitation methods are not yet widely applied, 
epidemics still occur but generally, in those countries which exploit 
available sanitation and water purification knowledge widely, outbreaks 
are now sporadic and the principal source of infection is the unrecognized 
carrier of the infective agent. 

Less than 5 per cent of typhoid fever patients can be expected 
to become chronic carriers and continue to serve as dispensers of S. typhi 
until detected and brought under supervision and control. Morzycki (80) 
has reported from Poland that over 19,000 persons holding: various occupa- 
tions were examined and 0.2 per cent of males and 0.4 per cent of females 
were found to be harboring the typhoid bacillus. Of some thousands ex- 
amined after an attack of this disease, 1.3 per cent of the males and 
2.0 per cent of the females were excreting the organism after two years. 

Of 3,356 domestic contacts of typhoid fever cases, 5.3 per cent proved 

to be carriers. Hence, the carrier who may continue to excrete the 
causative organism for months or years after clinical recovery is the 
greatest single factor in the spread of typhoid in communities where 
adequate health services have been established. In rural or underdeveloped 
areas, the application of good sanitation principles still remains fae 
most positive approach to the abatement of this disease. 

The susceptibility of man to typhoid fever is general although 
there is some evidence to indicate that adults acquire a degree of 
immunity through unrecognized infections. Fortunately, a high degree 
of resistance usually follows recovery from an attack. 

With water being the prime vehicle of transmission of S. typhi, 


it is of utmost importance that when it is used for drinking it be free 
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tae AEP 
of viable organisms of this variety. Protection of a source of supply 
against invasion by this organism, purification of the supply by artificial 
means or both measures are needed. In the case of the small, non-piped 
water supply, protection of it against infection is often the only safe- 
guard provided. Under some circumstances, this is adequate but a secondary 
precaution can be taken by boiling the water before using it. Where 
piped water is available to consumers, purification - particularly dis- 
infection with a chemical - is most often employed. However, artificial 
purification should not discourage the continuance of alert efforts to 
exclude contaminants from the source of the water to be purified. There 
are many accepted and proven systems of purifying water to make it safe 
to drink; the one most suitable to the situation should be selected 
following a consideration of all factors. 

In the treatment of large quantities of water intended for 
distribution through pipes, the use of a paceoriniant agent such as 
chlorine serves two purposes. It not only kills bacteria prior to the 
water leaving the purification works but it can be used to produce a 
chlorine residual in the system of pipes, thereby affording some protection 
against contaminants which may reach the water during its distribution. 

The amount of residual chlorine needed to insure satisfactory bacterial 
quality of drinking water varies with the type of water, the temperature, 
conditions of treatment, and the type of chlorine residual ida neaarigainee? 

With free available residual chlorine in water at pH 6.0 to 
8.0, a safe residual for complete killing of bacteria at the end of 
10 minutes of contact time is not less than 0.2 ppm.. On the other hand, 


with combined available residual chlorine in water at pH 6.0 to 7.0, a 
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safe residual would be not less than 1.0 ppm for 60 minutes contact time. (2) 
Other measures of significant importance in curtailing the inci- 
dence of typhoid fever are the sanitary disposal of human excreta to reduce 
the opportunity for it to reach man's mouth via fingers, foods or flies; 
the pasteurization or boiling of milk to keep it safe to consume as fluid 
milk or as a milk product; the control of shell fish-growing waters to 
provide a clean and safe habitat for their cultivation; and the enetr on 
and supervision of carriers of the aco agent. The individual can 
contribute to his own safety by avoiding the eating of raw foods unless 
they are thoroughly cleansed in water free of typhoid bacilli, by keeping 
flies from the home and particularly the foods, by contributing to the 
sanitary disposal of excreta, and by maintaining a high level of personal 
cleanliness. 
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Dracontiasis. Dracontiasis is an infection caused by Dracunculus 
medinensis, a nematode or true roundworm, commonly called the guinea 
worm. This worm has been known since ancient times and the infection 
it causes was recognized by Greek and Roman Rhyate ten sacke 

Guinea worm disease occurs in India, Pakistan, Afghanistan, 
Turkestan, Saudi Arabia, Iran, North and Central Africa, West Indies and 
the Guianas. No autochthonous case in man has been reported in North 
America. stor ‘83) estimates generously that there are 48,000,000 
people in the world affected by it. 

Incidence varies greatly. Quoting several sources, Gradwoht ‘&) 
states that in 1945 incidence in India ranged from 6 per 100,000 in 
Bengal to 3,964 per 100,000 in Mysore and West Madras. In one district 
of Bombay, 10 per cent of the population had the infection each year and 


in Deccan, at certain seasons, one-half of the people are bothered by it. 


sOEKO 


oe LG S. 


to. 


qTeve 4 bhodayt ad? oi a £ 
Sahu tals REGED: vied! oy 


j SD aA ‘ % 
RN: y ORL WN stmerick bis: rege 1 lect: 
: eit : al : 
* ( SOL} pe: o ‘ 
ive a; ie Lime A fie whale é 
PA ‘ vee 5. Mee ee ae a me Fi ai ae r 
¥ & : c Re Me "'—s j 4 7 ; ci ae | gi tau "Tedd AG r2 ¥ bolt EAS § PP 
as an KM ” ray 
» (OPOL) VVOLCR ca ieen 
. ft Ww 7 * hs ay al F . : 
AAleLl) ACWA oooh) Lio GROeeT ar ah ee Ge 
Lo LOO wes $ 5 yt Eve eb .eepatiaers'T Sore. bawtcaseh 
° PY ey wa 
Y (LRAT ase ‘sW mort enimebtet teve® Ginrael 
WALENSS LOCe gh 
A y it 9 . \ $ “ « {). 
cscs l me Dix 
p ~ 5 re “a wr a. te ” y 
ort febioitedon’d .7T 60 RDP etse 
‘ » . P oF ry i ft ae ? 
9 S gdtfeeH .dwt J seceW at enbieldd eaves it 
) ime ae tl plirooesG eieaionoos st 
= an 
MLL 8 > _ Miso res She shotamet 8. eienes 
eae hy oe Py fom form Bone maou oad aad «ror edd? ; 
if 
} if ut Fy. o \ a ms j f ef lane ; it ba he OCHO's 
M i w 4, «9 2 t ; ye ot f ca it Fe ne “a CTuT 5 2 $4 by 
, "sy c rA , aA , 2 F 
varie oe ie Gbvol , aew ‘death ffagd- nate 
1 ad | a “? a ” ” ‘ i td, VRBO a eee iy Beth atise o8 
Poy 
i 7 A" y by) % AL es ll aah eke y 4 Rag Po ry 
Wi fy PE ay 4 i x ‘ 5 be TRL ayy a mM gyre ware 3 2 to 5 ee / iloage A 0d “iy 
: Die 
re P ati » ‘ Ks tov 
ti-yi betpetiie Bigow ent? ke 
CR SEAS TIS: aS & ML FOR o ¥is Sta, ae ied ¥ sonebiont 
UPA as Sah Bi Te i i rg | J Gi St Au 
a 
terh ooo ofl eetham pent tints 
wy foes soltootnt ef? ban mas 
fra es us 


a0 
Infections have been known to run as high as 95 per cent in groups of 
people as large as 15,000. “Although dracontiasis is not a fatal disease 
or one which attracts much sympathy, its incidence nevertheless is commonly 


(85) 


the precursor of much suffering and physical incapacity. Incapacita~ 
tion may continue for five to six months and even as long as eight months 
if there are other physical involvements resulting from or accompanying 
the infection. 

The adult guinea worm develops to maturity in the human body 
and when the female becomes gravid, she migrates to the skin where a 
blister is formed. If the blister comes into contact with water, it 
bursts and the female discharges larvae into the water. These wriggling 
larvae’attract an appropriate species of Cyclops (Order-Copepoda; Class- 
Crustacea) which swallow them. The Cyclops, in turn, is swallowed by 
man in drinking water. In man's body, the Cyclops is dissolved and the 
larvae are freed, the female maturing in 10-14 months prepared to liberate 
her young and initiate the cycle again. Larvae will remain alive in 
clear water as long as six days, and in muddy water or moist earth, they 
may live two to three weeks. Cyclops is widely distributed throughout 
fresh and salt water and most of them appear in still water. At least 
12 species of Cyclops have been identified as being associated with 
D. medinensis as intermediate hosts. 

Man is not the only host of this nematode as domestic and wild 
fur-bearing animals such as cats, skunks, wolves, raccoons, minks and 
foxes also serve in this capacity and the parasite has been reported 


in horses, cattle, monkeys, baboons and NGonarie toc) 
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The susceptibility of man to dracontiasis is universal. No 
immunity is acquired following an attack; in fact, a person may have 
repeated and multiple attacks. 

As has been explained, the method of transmission of this in- 
fection is a relatively simple one. Water is essential and preventive 
measures can therefore be aimed at this medium of transmission. As 
the perpetuation of the life cycle of the guinea worm requires the re- 
lease of embryos in water, excluding infected persons from water sources - 
particularly those used for drinking - will curtail the infection of 
Cyclops, preventing transmission even though Cyclops is imbibed. The 
worm appears inthe human more frequently on the feet and ankles (32 
per cent), and the legs (50 per cent) than on other parts of the body. 82) 
These locations are most suitable for embryo release if the infected 
persons are either wading or working in water. 

Measures to destroy Cyclops have been tested with considerable 


(86) 


Success. Pradhan applied lime (CaO) of 80 per cent strength to wells 


at a rate of one drachm* per gallon of water. This optimum dose, used 
four to six times during the period from February through May, kept 


(87) 


wells free of Cyclops. Ramakrishnan obtained an excellent kill of 
Cyclops in laboratory trials using 50 per cent wettable DDT (dichloro- 
diphenyl-trichloro-ethane) in a suspension of 0.5 per cent strength. 


(88) have tested the 


Other experimenters, including Moorthy, 
usefulness of small plankton-feeding minnows in keeping down copepods. 
Several small fish are useful for this purpose but they have their 


*The drachm is a dram which in apothecaries (Troy) weight is 3.88 g or 
3.69 ml. 


ae ‘dase te Lut iat ef astincowib of tans Ao bs 


can Vem norte * ~taek mz 


rh ie . me j . ‘ : ; 4 4 ’ y 
we with: BES ho re tne Lene 20 Pxivanm ont hones ppt nod wk a: 
i Lea i 4 


} visnevend bra Lettres? sedevl \ sono * nite vievitelor ge 


a ap reaiwenesd Yo «wihem ett oe Bemta ed esitews: ane 


eee ee are oe eke lee ae iv Ph 


: is Wy een in ee le 
wi Bie \ 2 cvew aaitheng etl Yo ego aint ets: Do pula 
o% dy ho? ~ Ver : ware ess eS ee ee a an * 
2 ESIKE, ; ee eae AV Fee pt al bbe af it bie wei ve fez 
Ait ¥ y om ‘ en ie iy 
i vue j ft PW ow ARO “at 
fi 
(f ei hiint wk. BaoLe ct neve rosa 
peers vay r - 
sit 
a.) _ Bm, ans § sf La q ey Sibi “ oT oni eo ree dap 4 
ae, S00 BAB Geek oid a My te Pa hoe as ae Oat I mid ete 
7) ss er 
; i. ese * ies Vcl aya. of 


eiostni att ti oese ler ound aed eidediue Saom ons, encitaga. 
i » sf vi icin “EO Rit. h aw socttie " 

i ya 7 £3 xt, Sf | Yi yy 7 PEE ah os rouraat 
} ; j Mi Te, 

ea “ } i ei i» a Sg LOG? 

me oa It Cah oan OF te OAD) eet belles. natant 
Sit dade bs: enaahs a [Neen the noLiag seq Faloatd eno, toe 
of seal ua “fot woe bokven oad aul —* EB! 


< 
ae 1) 


0 St: SERA” Sirus S Skene cis Rae Laat oS peut a itemaat : BRAND to i, 


Mf 
J oor Sit to a on yosen eLaied wrod beat 
; ; : , . Ma : 7” A diy ge ek o " 
i eaoiie does “aq ¢ to moc aeeih. 6. GE (shatitenonolio intl 


i Fasent oat * OT ets acai ee bus foait eradowmdmnepn: mods.) ie) 


ihe 3 
a 
 ebogedso cveh quicgwed ct sworrtin gnibaet-rodine hi, noe, 10,8 


oe iad a Soe a dy v ve " i e +6 r re 2. : " 
PN a oa 9 hoe! eo RU RD NOE: RRM, Gad, 
Kartal bee 


aaa p whens gees ape 8 eee ee 


to 4 GB.f wt tdtgtew (yorT) sefrscodiegs ai coidw end . cars arts y 


_ 52. 
limitations and are not as effective as is required for total destruction 
of the Cyclops. 

Dracontiasis can be prevented by keeping man from swallowing 
infected Cyclops. Hence, the provision of potable water. - water free of 
living, infected Cyclops - is of first importance among preventive actions. 
Abolition of step-wells and measures to prevent the contamination of 
drinking water by the immersion of affected parts of infected persons are 
essential. Boiling water will kill Cyclops and they can be strained from 
it by filtering through muslin cloth. Application of sufficient DDT 
wettable powder to give a concentration of 5 ppm, every six weeks, will 
keep Cyclops under control. 

Lastly, the education of the public to drink only boiled or 
filtered water, and in the mode of spread of the infection are required. 
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Echinococcosis. One class of the platyhelminthes (flatworms) is 


the cestodes or tapeworms and among the members of this class is 
Echinococcus granulosus which is the cause of the infection, echino- 
coccosis. E. multiocularis, a related species, is responsible for the 
alveolar form of the disease. 

Echinococcosis or hydatid disease was well know to ancient 
writers on medicine. The Talmud mentions this condition in sacrificial 
animals, and both Hippocrates and Galen referred specifically to the 
(89) 


disease. Many investigators have studied the causative worm and 
the disease over the years to accumulate the information now available 
about them. 

This disease is fairly common in southern South America, New 
Zealand, eastern Australia and countries of the Middle East. It occurs 
relatively frequently in the Indian population of Canada and the Eskimos 
of Alaska. Based upon the distribution of the larval stage in man and 
animals, it can be considered to be a disease of sheep-. and cattle-raising 
sections of the world. The number of cases reported by the Pan American 


(37) 


Health Organization for five South American countries for the period 
1949 through 1958 total 4,226, with Argentina reporting the largest 
number. 

The dog is the common definitive host and the main reservoir 
of the infection although other carnivores like the wolf, jackal and 
cat are important in this role also. The dog = especially those used 
in herding domestic animals - acquires the infection usually by eating 


offal and carcasses of infected intermediate hosts such as sheep, cattle, 


hogs and goats; the infection has also been found in many mammals other 
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than these. Illustrative of the magnitude of the source of infection 
of the definitive hosts are the data assembled by the Pan American Health 
brranieat ions ve for the three years 1956-1958, on the reported cases of 
hydatid disease in animals in two South American countries where sheep-and 
cattle-raising are important industries: Argentina - 1,088,878 and Chile - 
296,206. 

Man, an accidental host, acquires echinococcosis by ingesting 
the eggs of E. granulosus which have been deposited in the feces of the 
infected dog or other definitive host. The ova reach man’s mouth by 
way of contaminated fingers, or food or drink served in fouled containers 
or consumed with contaminated utensils. Only the larval stage of the 
parasite is found in man. 

Eggs of the parasite will remain alive for weeks in moist and 
shady: places but they will expire rapidly if exposed to direct sunlight. “> 
As the eggs are non-resistant to high temperature, this disease consequently 
occurs more frequently in temperate than tropical climates. 

"Direct contact is practically the only method of infection 
in human basesbice although the possibility of man becoming infected 
(90) 


from soil or vegetables or food cannot be ignored. Heinz has shown 
that flies have the ability to transmit eggs of E. granulosus to foods. 
He conducted experiments which indicated that they will carry only a few 
eggs on the outside of their bodies but that a much greater number are 

ingested and that they can be recovered from milk after the flies have 

had access to it. The fly-ingested ova did not lose their viability 


during their movement. Water plays a very minor part in the transmission 


of the disease. Uncleanliness and the lack of hygienic practices set the 
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stage for the human consumption of this parasite's eggs and the initiation 
of the major portion of human infections. 

Man is universally susceptible to echinococcosis and there is 
no evidence of any acquired immunity subsequent to an infection. 

Preventive measures on a wide scale are mainly directed to the 
elimination of the infection in the common definitive host, the dog. Tight 
control of the slaughtering of herbivorous animals to keep dogs from eating 
scraps of uncooked meat; the reduction in the number of dogs, specifically 
stray ones, in endemic areas; and the burning or deep burial of dead ani- 
mals will go far to reduce the incidence of this disease. The public, 
with emphasis on children, must be educated to shun close association 
Pniaoes in areas where the disease is widely prevalent. By legislative 
and educational actions, Iceland was able to reduce an incidence of one 
in every 40 persons to one in 2,000 over a period of 20 mo ep AY, 

With respect to sporadic human cases, avoidance of contamination 
of the person, and of food and drink, with dog's feces by keeping oneself 

and his surroundings clean will cut the chance of transmission. Boiling 
water will kill the eggs and make it safe to drink. 
References 
9) Faust, E. C. Human Helminthology. Lea and Febiger, Philadephia 
(2nd ed., 1939). 
(90) Heinz, H. J. and Brauns, W. The Ability of Flies to Transmit Ova 
of Echinococcus Granulosus to Human Foods. South African J. Med. 
Sci., 203131 (1955). 
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Schistosomiasis. The fluke, a parasitic worm of the class Trematoda 
(Phylum-Platyhelminthe), is the causative agent of schistosomiasis, one 
of the most chronic diseases. Three genera of this trematode have been 
identified as the chief producers of this disease: Schistosoma mansoni, 
Schistosoma japonicum and Schistosoma haematobium. The first two give 
rise to intestinal and the third to urinary infections. Relatively 


recent information indicates that Schistosoma bovis, a blood fluke of 


(92) 


cattle, has been found in man. In some irrigated areas where cattle 
are numerous and they come into close contact with humans and use and 
contaminate the same waters, as many as 40 per cent of the population 
nave become infected. 

Schistosomiasis may cause years of severe debility. Direct 
mortality from it is low but predisposition of chronic cases to attack 
by other diseases causing death is of great moment. The economic effect 
of the disease in endemic form is incalculable. 

Early Egyptian records and its discovery in Egyptian mummies 
of the period 1250-1000 B.C. show that schistosomiasis is a very ancient 
disease. It was observed in the French army in Egypt about 1800 but 
the parasite was not related to the disability until 1851 when Bilharz 
proved the connection between the parasite and its eggs to dysentery 
among the natives. (°°) 

| As schistosomiasis is not a notifiable disease in many countries 
of the world, specific data showing its current distribution are not 
available. It is known, however, that the infectious agents are dispersed 


generally as follows: S. mansoni in Africa, the Arabian peninsula, north- 


eastern and eastern South America and the Caribbean area; S. haematobium 
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in Africa, the Middle East, Portugal, Western Asia and to a small extent 
in India; and S. japonicum in China, Japan, the Philippines and the 
(3) 


Celebes. The larvae of certain other schistosomes of birds and rodents 
cause "swimmer'’s itch" by penetrating the skin. These schistosomes, 
non-maturing in man, are found in many parts of the world. 

In most of the areas harboring the causative agents, the disease 
is endemic; stoi ‘83) has estimated that 114,000,000 people in the world 
are afflicted with schistosomiasis. In some regions in East Africa, 50 
per cent of the population may be infected with S. haematobiun. Gradwohi ‘°*) 
cites hyperendemic areas in the Philippines where 10-80 per cent of the 
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children have chronic infections of S. japonicum. Sullivan made an 
epidemiological study of an outbreak of schistosomiasis caused by S. japon- 
icum among American troops during a five-month period in 1945 on the 
island of Leyte in the Philippines. Of the 575 cases recorded, 41.9 
per cent were in engineer units and 38.2 per cent in infantry units. 
The bridge and road builders in the engineer unit - many of whom worked 
in water without much clothing for prolonged periods of time - accounted 
for 62 per cent of the cases in the engineer battalion although they 
constituted only 21.5 per cent of the battalion's strength. This was 
an attack rate of 27.4 per 100. The attack rate of those whose tasks 
called for work in water regularly varied from 71 to 89 per cent in 
different platoons. 

Man is the principal reservoir of S. mansoni and 5S. haematobium; 
for the most part, he passes the eggs of the former in his feces and of 
the latter in his urine. S. japonicum is parasitic in a number of mammals 


such as dogs, pigs, water buffaloes, horses, sheep, field mice and wild 
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rats, and it has been present in man. From these hosts, the eggs are 
released in the feces. 

When eggs from any of the three parasites are dropped into 
fresh water, they release free-swimming larvae or miracidia which must 
penetrate an appropriate snail, the intermediate host, within 48 hours 
or perish. Snails of the following genera have been incriminated as 
intermediate hosts Scat 


(1) S. mansoni - Australorbis, Biomphalaria, Tropicorbis ) 
(2) S. haematobium - Bulinus, Physopsis, Planorbarius 


(3) S. japonicum ~ Onocomelania 

After the miracidium has developed further within the snail, 
larvae or cercariae emerge ready to infect man or another mammal by 
penetrating the skin and to initiate the life cycle again. As the parasite 
does not multiply in the human body, severity is proportional to exposure. 
Less frequently infection takes place in one who has consumed cercariae 
by drinking infected water. The life of larvae is short probably not 
extending beyond 48 hours but a single snail can release hundreds of 
thousands of cercariae. 

The susceptibility of man to infection with this disease is 
general. Whether or not resistance develops as a result of infection 
is controversial; at best, acquired immunity is low-grade and cannot 
be counted upon to give any useful protection. 

The life cycles of the schistosomes are quite well understood 
and the places of man and other mammals, and snails in these cycles are 
known. This understanding points the way to the perfection of preventive 


actions suitable to alleviate and forestall infections. Knowledge now 
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available is such that this disease can be prevented in any localized 
area. The main deterrent to doing this is the difficulty of bringing 
together, for effective joint action, the skills, materials and effort. 

The exclusion from fresh water of feces and urine of infected 
humans and other mammals will keep the agent's eggs from reaching the 
medium essential to their development. With respect to man, this can 
be accomplished by the application of good sanitation practices, a difficult 
feat in many parts of the world where the value of sanitary disposal of 
human wastes is little understood; as regards infected wild mammals, 
exclusion from natural waters presents a problem of great magnitude 
although ponds are being fenced in a project in Ghana to restrict water 
use by domestic animals as well as humans. Provision of home-type facilities 
for sanitary sewage disposal will have to be accompanied by education in 
their use and there will have to be modification in life-time habits and 
cultural patterns to keep humans from having contact with water-carried 
infected feces and urine. With regard to sewage collection by pipes and 
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its treatment in purification works, Jones found that ova of 
S. japonicum are destroyed or reduced in number by primary sedimentation 
during the usual detention periods, anaerobic sludge digestion and inter- 
mittent sand filtration but that they would pass trickling filters and 
hatch in activated sludge. 

Avoidance of infected waters affords complete protection against 
cercariae. Agricultural and other workers who must enter infected waters 
can obtain partial protection against penetration of the skin by cercariae 


by wearing protective clothing. When Sullivan'??) made his epidemiological 


study in the Philippines, it was his preconceived thought that men in 
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signal construction units would show a substantial portion of the total 
cases because they were exposed a great deal to water in ditches and 
swamps in performing their duties. This did not prove to be the case 
however. He could conclude only that their clothing and boots had pro- 
tected them against cercariae. Further, the attack rate among infantry 
troops was only 0.5 per cent even though these men operated in flooded 
terrain in a highly endemic area. Boots, leggings and clothing must 
have protected them although this was not proven. There was no information 
available on the number of troops wearing clothing impregnated with 
dimethyl phthalate. Unfortunately, however, neither a prohibition against 
wading, bathing or working in infected waters nor the donning of pro- 
tective clothing when entering such waters are enforceable edicts or 
are procedures generally followed. 

A domestic water supply free of snails, snail eggs, miracidia 
and cercariae to use for drinking, bathing and household washing tasks 
would, at least, free from the possibility of infection those persons 
whose necessary duties do not include working in infected waters. An 
efficiently operated water purification plant terminating with adequate 
disinfection will produce such a safe domestic water. The flocculation 
process usually included in a water treatment system is by itself inade- 
quate to insure the removal or death of cercariae of schistosomes even 
when aluminum sulfate alone or with lime pretreatment are used in the 
maximum quantities generally erty de comet Standard filtration 
through sand is likewise ineffective against perce eed Various forms 
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of chlorine applied to water will give satisfactory results against 


them as follows: 
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(1) Gaseous chlorine dissolved in water will kill 
with certainty in 1¢ hours when the initial con- 
centration of available chlorine is 0.4 ppm or 
more. If the contact period is 30 minutes, 0.8 
ppm is needed. 

(2) Sodium hypochlorite is effective after 1 2/3 hours 
when the initial concentration of available chlorine 
is 0.4 ppm. More is needed - 1.0 ppm - when the 
contact period is shortened to 30 minutes. 

(3) Chloramine kills in 1 1/6 hours when the initial 
concentration is 0.36 ppm. When only 30 minutes 
contact is permitted, 0.45 ppm of available 
chlorine is required. 

Teese aor states that there is no indication that cercariae differ signi- 
ficantly in their resistance to chlorination. 
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In additional work, Jones learned that the miracidia of 
S. japonicum were killed within 30 minutes by chlorination when ‘the 
terminal residuals were 0.2 - 0.4 ppm; chloramine solutions were effective 
under the same conditions when the chloramine residuals were 0.3 - 0.4 ppm. 
The ova of S. japonicum were killed within 30 minutes only when the 
30-minute chlorine residual varied from 3.9 to 11.0 ppm. No ova of 
‘S. japonicum survived in one test with a chloramine concentration of 
1.9 ppm and a two-hour residual of 0.5 ppm. 

Water management, and the changing and improvement of land 


use and agricultural practices, are other methods of approach to the 


control of the transmission of schistosomiasis. In building dams to 
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impound water for multiple uses, consideration must be given during 
planning and construction stages to ways and means of reducing the 
creation of habitats favorable to snail production. Excess water often 
contributes to health problems, and drainage and filling have a place 
in the reduction of snail propagation. Irrigation systems, now in wide 
demand in many water-short countries, are of particular importance because 
each new one may increase the potential snail-breeding area unless snail 
control accompanies its construction. Water-users still employing primi- 
tive irrigation and agricultural methods are major contributors to the 
continued production of snails and the maintenance of foci of schisto- 
somiasis. 

At the Miwani Sugar Estates in Rena) nee where sugar cane 
is irrigated, S. mansoni and S. haematobium are endemic in the surrounding 
area. Well-designed distribution and drainage systems on properly graded 
land, conservation of water by using pipes, cycling of irrigation periods, 
mechanical maintenance of the irrigation system and the use of herbicides 
have resulted in good crop yields and little or no snail breeding. These 
preventive steps are possible, however, only when control is centralized 
and crops have a high commercial value. At the Kpong Experimental Farm(?2) 
in Ghana, mechanical rice cultivation procedures have been devised which 
upset the snail and parasite cycles and thus reduced schistosomiasis 


(99) 


transmission. Barlow investigated the value of irrigation canal 
clearance and has proposed it as useful measure in Egypt because it 
is efficient, inexpensive and requires no new operational procedures 


involving the training of workers. Clearance aligns the canals, frees 


them of weeds on which snails feed and reduces the number of snails 
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appreciably. He points out, however, that two intermediate snail hosts 


of S. haematobium and S. mansoni in Egypt are able to withstand long 
(100) 


periods of drying without losing their reproductive powers. 
In the opinion of the Second African Conference on Bilharziasis, 9) 
mollusciciding offers the most efficient single method of control of the 
disease. Copper sulfate and sodium pentachlorophenate have been used to 
kill snails for a number of years and other compounds, although now used 
mostly experimentally, show promise of usefulness. In Egypt, copper 
sulfate used at the rate of 0.6 - 1.0 ppm in standing water and 10 - 20 
ppm in flowing water proved effective. In some experiments with sodium 
pentachlorophenate, a concentration of 6.0 ppm for six hours was gudcesefuls toy 
The selection of the most suitable poison to use must be based upon costs, 
the conditions of the waters to be treated, the uses to be made of the 
water by the local population and the local agricultural practices. The 
level of knowledge pertaining to mollusciciding is now such as to warrant 
larger scale operations in the use of this potent weapon to destroy the 
snail and reduce the amount of transmission. 
Mass treatment of infected persons in endemic areas can help 

to reduce transmission but it has not aided materially in lowering pre- 
valence. 
References 
(92) Second African Conference on Bilharziasis. Technical Report 

Series, No. 204. World Health Organization, Geneva (1960). 
(93) Sullivan, R. R. and Ferguson, M. S. Studies on Schistosomiasis 

Japonica: III. An Epidemiological Study of Schistosomiasis 

Japonica. Am. J. Hyg., 44:324 (1946). _ 
(94) Hinman, E. H. Schistosomiasis - Characteristics and Problems 


of Control. Mimeographed paper. Office of Public Health, 
International Cooperation Administration, Washington (1960). 


ge vowed “sf  edsitog of 


sory’ at te 


~ 


imap bre «8 AR 
1 Enema | tog iol hen SOL 


rs 
i 


conan 2 ene. muito 


semen — Re Aber i mt 


ix Rs 


apa 
: ray es hihe re is 
dire da hey siclionds Bt: 


: aReaO odd Bo 
tc “werk A 
on. bra qheting senqot. 
ay to scp’ “0 sites 
9 wore ,QiLatmenonegne 


&.0 te ater edt te boas & 


ion 8 ,edecerdqoto Tim 
saps 


tsingou <Leool ond wd 


wil Sie TG eghelwoadt. 20 


‘tnt to jnemdsout aaeM 


i Si-ded goteelmensat © 


weve'od apolvtA broset 
e 3 € ours A 
bieoW 0S of , cers 


viline v4 
en 


ON = 


References (continued) 
95) Jones, M. F., Newton, W. L., Weibel, S. F., Warren, H. B., Steinle, 
M. L. and Figgat, W. B Studies of Schistosomiasis: The Effects 
of Sewage Treatment Processes on the Ova and Miracidia of Schistosoma 
Japonicum. Nat. Inst. Health Bull. No. 189, Washington (1947). 


(96) Jones, M. F. and Brady, F. J. Studies on Schistosomiasis: Effects 
of Water Treatment Processes on Schistosome Cercariae. Nat. Inst. 
Health Bull. No. 189, Washington (1947). 

(97) Witenberg, G. and Yofe, J. Investigation on the Purification of 
Water with Respect to Schistosome Cercariae. Trans. Roy. Soc. 
Trop. Med. & Hyg., 31:549 (1938). 

(98) Jones, M. F. and Hummel, M. S. Studies on Schistosomiasis: The 
Effect of Chlorine and Chloramine on Schistosome Ova and Miracidia. 
Nat. Inst. Health Bull. No. 189, Washington (1947). 


(99) Barlow, C. H. The Value of Canal Clearance in the Control of 
Schistosomiasis in Egypt. Am. J. Hyg., 253327 (1937). 


(100) Barlow, C. H. Further Studies of the Revival, After Drying, of 
the Snail Hosts of the Human Schistosomes of Egypt. Am. J. Hyg., 
222376 (1935). 


(101) Expert Committee on Bilharziasis. Technical Report Series, No. 65. 
World Health Organization, Geneva (1953). 


Amebiasis. Amebiasis, manifesting itself in man primarily in the 
intestines, results from infection by a protozoan of the species Entamoeba 
histolytica,the only member of the Entamoeba genus which is pathogenic 
(82) 


to man. The disease is only infrequently the direct cause of death. 
141.873), L8sch reported finding "E. histolytica in the feces 

of a Russian with severe dysentery" and "demonstrated its pathogenicity 

by infecting a dog which developed dysentery and intestinal didertatsdushy soo? 

Ameba were related to the disease in 1887 and by 1913 the pathogenicity 

of E. histolytica and the current concept of the host-parasite relation- 

ship were established beyond doubt. 


Amebic infection is world-wide, often to the extent of 50 per 


cent of the population in localized areas with primitive sanitation. 
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Clinical amebiasis is prevalent in hot countries, and not so frequent 
in temperate zones although infection rates may be high. The prevalence 
in any population is likely to parallel the level of sanitation existing 
in the area, (102) Symptom-free infections may last for many years. 


(103) 


Klatskin has reported that surveys among American troops 


serving in India showed infection rates between 20 and 40 per cent. Hegner 


(104) 


and his associates examined 866 persons from two schools in Mexico 


City and six other Mexican communities and found the incidence to be 25 


(105) 


per cent. According to Sapero, amebiasis incidence among United 
States naval recruits from southern states was 14.7 per cent and among 
those from northern states, 7.8 per cent. An examination was made of 
1,060 freshmen of a United States college by Wenrich‘106) and he found 
an incidence of 4.1 per cent of this disease. To learn the degree of 
infection with E. histolytica in a state hospital for insane in Indiana 


(107) 


(U.S.), Hopp examined 874 stools from 771 patients and found 


(108) 


infections in 3.1 per cent of the patients. Faust, in commenting 
upon amebiasis prevalence in the Western Hemisphere states that there 
is substantial evidence that it is present “in an appreciable portion 
of the population from Central West Canada to the Strait of Magellan" 
and that its incidence in the United States may average 20 per cent. 
Recent information on the cases of amebiasis reported to the 


national health service of each country in the Americas has been 


gathered by the Pan American Health Organizational and is as follows: 


1949 = 81,315 1954 - 130,705 
1950 - 85,095 1955 = 112,445 
1951 - 84,078 156 her TIAA 
1952 - 100,749 1957925 120.278 
1953 - 118,752 1958 - 141,518 


Total 1,086,648 
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Case rates for this disease in certain countries in America are set 


forth in table 7. 


TABLE 7 
Reported Cases of Amebiasis and Bacillary Dysente 
___ per 100,000 Population in the Americas, 195837) 
; Cause 
Bacillary Dysentery, 

Country Amebiasis and Other Unspecified 
Argentina 1730 21.9 
Brazil ove 2543 
Canada 0.0 9.1 
Chile Lan 6.9 
Colombia 623.4 92.7 
Costa Rica 82.7 26.7 
Dominican Republic 83.1 91.3 
Guatemala ein 113.8 
Honduras 558.5 364.6 
Mexico 75.6 14.6 
Panama Bove 130.8 
Paraguay oes 127.4 
Peru ee 290.9 
United States 2.5 6.8 
Venezuela 502.4 vaste As) 


Explanation of symbols: 
0.0 = Rate less than 0.05 
= Data not available 


The reservoir of the infectious agent is an infected human, 
usually a chronic case or one without obvious symptoms. Animals are of 
little significance as transmitters of this aLaneen to man. The source 
of the infection is cysts in the feces of the infected person. 

The mode of transmission of amebiasis is not a complicated 
one. Man, infected with the ameba, passes the mature cysts in his 
feces. By way of food, contact, flies, carriers and water, the cysts 
then enter another person through the mouth and ean the cycle. 

Among uncleanly people living in areas where little attention 


is given to environmental sanitation, the carrier (better called the 


cyst-passer) undoubtedly plays an important part in passing on amebiasis. 


oa Fokvomk al. oe sindusoo o 


ee 
j sy nie 
Y RAT 
v eee ms + 
, - i Fs dante tins ae oh Duk ey Hee png cnnid 
ay hy dsd hea 7d 1. 2 CHER } mr Ea sO) 
“ - “et 
" tt wt tot eel & de 4 00F. 6 
whe a M4 ~ Ma an nie AL imme ie pr hers PL AE nt a) 2 ba. STOO 
ncnttisnnacian oo a ee es 
* 
BV ig crate 
in + Py 
#0 ba a bre tioen 
Sc I herp bers acts chute monies area Nm eek) Aag sh et on eA eit PRR i AAO OR 


{ cs 
é | wee 
j 4 
t 9 
f 28 ED wey esate 
FLT . ’ Bian “ et - ) 
iil “ set a 
{ ay, 3 8 ‘4 


‘ ss Wea % 


ones bed. 

: antl 
ao eee ane ee nana enn Si gus a ] 
(eiocmyg to “soi taas ged 

od Ue ors seot etal 

elialiewa ton staQ = 


P ws . P r we : i rn ei 
‘ am i ie D ns . ° yale, he " at Ve iy ¥" 
: PAD EE 3 ; » Mh he 5 f ee ees Pe 4 ae Fah, eh of up 


“tat ods to sone? «it nl ate ef goHoeliak om 


tr obow att 
foul het 
h 7s : & ‘al hy ok oe ae at) ne ; 
; 
f w #4 x 4 . 
bat 3 u a 4 4 aa 
4 i 
: % me aa 3 - 
« Lane) i hy ate | te : Shs Sp arod - 
¥ 
i i ¢ 
f by " , 7 
b Bip cul nah CO 2 ae é hah 
‘ 


ie of eel evedw smote mt gabvil edgoeg: Suse foam you 


‘(ow sedded) sehrago oil. .nepiedieae intasnnontve oe 


ot nag JnaProgal ns ovata ‘be séeobe (noe 


; 
yes.) 


Ore 

ivenhoe . eae studied the presence of E. histolytica cysts in a children’s 
home in New Orleans and was able to recover them from six places outside 
the body. This suggests that direct contact transfer aided by general 
pollution of the environment served to maintain a focus of infection in 
this home. Cleaning the home throughout with live steam and at the same 
time carrying out mass chemotherapy against E. histolytica on the home's 
attendants and its children proved to be a practical means of controlling 
amebiasis. If the same dirty conditions were permitted in the individual 
family home, amebiasis could readily spread among its occupants also. 
Although food handlers appear to be in a position to be important trans- 
mitters, Baparownie. concluded that there was little evidence to support 
this belief. He based his judgement on a controlled investigation of 
14 groups, including 919 persons, which had been served food by carriers 
of E. histolytica. 

Filth flies, including Musca domestica, have been convicted 


(111) determined 


of the ability to transmit cysts internally. Roberts 
that, given access to infected material, the common fly will transmit 
E. histolytica cysts in its feces for a period up to at least 31 hours 
after the initial feeding and for nine hours the cysts will appear in 
its vomit-drops. By experiment, Pipkin'112) yearned that the housefly 
was relatively unimportant as a cyst transmitter by external carriage. 
In some countries, farm crops are fertilized with human ex- 
creta. Where this is done, eating raw leafy vegetables presents a real 
health threat. Also, washing vegetables to be eaten without thorough 


cooking in water polluted with cysts provides an opportunity for the 


consumer to contract an amebiasis infection. 
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In 1925, Manson-Bahr‘223) implicated water as a transmitter 
of amebiasis. On the Cape Verde Islands, he treated ten cases of this 
disease among persons whose sole source of infection, common to all, 
lay in water brought from Lisbon and stored in large tanks liable to 
contamination. 

There are ample opportunities for amebic cysts deposited on 
the ground to be washed into small, unprotected water supplies and , no 
doubt, this takes place in some areas of the world resulting in sporadic 
infections and clinical cases which do not receive epidemiological or 
other confirmation. But recorded instances of water-borne epidemics are 
rare. In the fall of 1933, two neighboring downtown hotels in Chicago, 
having in part a common water supply, were chiefly involved in an epidemic 
of amebiasis which caused at least 1,409 cases, two-thirds of which were 
visitors to that city from 400 other cities in the United States, Hawaii 


(114) The two major points of possible pollution resulting 


and Canada. 
in the water-borne infections in the hotels were (1) two cross-connections 
which joined an overhead sewer to condenser-water discharge pipes and 

(2) a sewer over a cooled drinking-water tank containing an old, rotting 
wooden plug which permitted leakage into the drinking-water tank. Another 
outbreak, smaller than the one in Chicago, but involving nine cases in 
1950-1952 and 22 cases in the first five months of 1953 occurred at an 
industrial plant in Indiana (U.S.). Fassnacht (219) relates that here 

a six-inch water suction line passed through a sewer manhole and when 

this sewer became surcharged, a joint in the water line would be under 


a foot of sewage. By dye tests, the water-line joint was found to be 


leaking revealing the point of entrance of infected sewage. 
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The susceptibility of man to amebiasis is general. Many people 
harbor the infectious agent -~ the mature cyst - without showing clinical 
symptoms. There is no proof that man acquires any immunity as a result 
of infection. 

The most logical measure to apply to prevent the communication 
of amebiasis is the sanitary disposal of human feces. If infected feces 
were not scattered about, people would not be subjected to the chance 
of eating the mature cysts. However, this way of preventing this disease 
is not wholly practicable in the world today; currently it is only an 
objective. Therefore, preventive action must include teaching personal 
hygiene to maintain clean fingers; cooking foods sufficiently to kill 
entrained cysts and avoiding eating those raw foods not free of cysts; 
excluding flies from living spaces and denying them access to foodstuffs; 
and providing safe drinking water at the point where the consumer receives 
it. 

The cysts of E. histolytica are readily destroyed by drying 
and heat at a temperature of 55 degrees C., well below boiling tempera- 
ture, will also kill them. They will survive in water at about ten 
degrees C. for as long as a month. The work of Spector et ay (126) (117) 
has demonstrated that coagulation and rapid sand filtration provide an 
effective barrier to the ingress of cysts into water supplies. Cysts 
are resistant to the disinfectant, chlorine, in doses producing low 
residual chlorine concentrations but Chang‘118) determined that chlorine 
used in water having a pH of 7.0 will kill cysts if used in sufficient 
quantity to give residual chlorine concentrations of 1.0 ppm at 20 de- 


grees C. to 2.0 ppm at 10 degrees C. after 30 minutes contact. Thus, 
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LO 
superchlorination followed by dechlorination should safeguard water 
supplies if the distribution system is not invaded by infected sewage. 
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Infectious Hepatitis. Infectious hepatitis, as distinguished from 
serum hepatitis, is a generalized infection, ordinarily fatal in about 
2 per cent of the cases except in epidemics when fatalities may reach 5 
per cent. The infectious agent is a virus. Some authorities believe 
that a more definitive way to discuss these two closely related infections 
would be to class both infectious hepatitis and serum hepatitis as viral 
hepatitis and ascribe infectious hepatitis to hepatitis virus A and serum 
hepatitis to hepatitis virus B. 

Epidemic infectious hepatitis has been known for thousands 

of years. Hippocrates, in the 5th century B.C., mentioned it in his 
Pe ties, as did Pope Zacharias in 75 A.D. The modern concept of virus 
etiology of the disease is largely the result of broad studies made 
during World War II when there were 170,000 cases reported in the U.S. 
Army stone,97) Cameron‘229) proved the presence of the infective agent 


120) sound it in 


in HSB cod in 1940-1941, and MacCallum and Bradley’ 
stools in 1944, 

This disease is present throughout the world and is endemic in 
some areas. Usually it occurs in widespread outbreaks in rural and ur- 
ban areas over a time-period of two to four months but sharp, localized 


epidemics do take place in institutions, among military groups and families, 


and under other circumstances. 
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Accurate data regarding the incidence of infectious hepatitis are 
not available but evidence indicates that both virus A and virus B are widely 
distributed. Imperfect estimates, based upon a World Health Organization 
epee) of cases of infectious hepatitis notified to health authorities, 
added to those among inpatients and to those among outpatients of hospitals 


or dispensaries, for 1957 are as foliows: 


Africa 11,543 
America 20,6482) 
Asia 6,694 
Europe 151,096 
Oceania 73101 
Total 197,082 


(a) including serum hepatitis in Alaska, Puerto Rico and United States 

The reservoir of this disease is man and the sources of infection 
are feces and blood from infected persons. Most available evidence points 
to the infection of man via the mouth by the consumption of infected water, 
food and perhaps milk, all vehicles of transmission susceptible to contamina- 
tion by infected feces. The respiratory mode of spread has not yet been 
proven but present evidence clearly involves the person-to-person route in 
this disease's dissemination. Virus A is present in the blood during the 
incubation and acute illness phases in man and it can be spread then by 
contaminated medical instruments, blood and plasma. The role of carriers is 
not clear but it is known that chronic carriers do exist(121) who pass the 


virus in feces. 
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Murphy ‘122) studied a small milk-borne outbreak of ten cases of 
infectious hepatitis in Forsyth, Georgia (U.S.) in 1945. Of the eight 
households involved, seven were supplied with milk from the same dairy. 

Within the incubation period, cases appeared among consumers of milk from 

this dairy but not among non-consumers who were 20 times more numerous. The 
source of the infection was not discovered but it was known that there were 

two cases in close proximity to this dairy which was devoid of all sanitary 
conveniences for handling milk. In 1944, at a university in Ohio (U.S.), there 
were 24 cases of infectious hepatitis within 11 days among members of one 
fraternity and primarily among those members who ate regularly at the fraternity 
table. Read (123) studied this outbreak carefully and he could neither discover 
a source of infection other than food nor trace the outbreak to any previous 
cases. 

An epidemic following the usual pattern of contact-spread, with 152 
cases over the first six months of 1951, was investigated by Knight 124) and 
his associates. These cases were chiefly in school children in two adjacent 
rural school districts in Cooper County, Missouri (U.S.). Transmission could 
not be traced to any cause other than personal contact. The schools appeared 
to be the main centers of dissemination to families which when infected 
became foci. Another incident in which personal association between infected 
humans and susceptible ones was the important factor took place in 1944- 

1945 (125) in and near a small town in Iowa (U.S.). Of the 276 known cases 
of infectious hepatitis, 222 were investigated. The data proved that water, 


milk or food was not involved and that spread must have been on a person-to- 


person basis. 
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In the absence of means to demonstrate the virus of infectious 
hepatitis other than by human volunteers, epidemiological researches into 
outbreaks occasionally lead the investigator to conclude that its spread has 


(126) 


been due to more than one factor. Mosley reached this viewpoint when 
he studied an 18-case outbreak in Daviess County, Kentucky (U.S.) in 1956. 
He hypothesized, with the aid of fluorescein dye tests, that half the cases 
resulted from the contamination of several private water supplies by the 
effluent from the septic tank used by the first case of the group, and that 
the remaining cases were due to contact. 

The transmission of this disease by water is confirmed by many 
epidemiological incidents. In 1930-1931 in New Brunswick, Canada, there was 
an outbreak of 173 cases at three educational institutions. The epidemio- 


(127) 


' logical evidence compiled by Fraser pointed to one of three water 
Supplies as the vehicle of spread. Temporarily the town water supply was 
not suitable to use and recourse was had to an unprotected spring obviously 
badly contaminated. This source of water was blamed for the many infections. 
An apparent water-borne outbreak reported by Neefe(128) occurred in 1944 in 
a Pennsylvania summer camp. Over a 13-week period, 350 of the 572 in the 
camp were involved. The evidence implicated the well at the girls’ camp 
which turned out to have cesspools on four sides of it, the closest being 
but 15 feet away. There was no outward proof that the cesspools had caused 
the contamination of the water but the rock formations were cracked and 
fissured shale and limestone, and underground percolation could readily have 


been taking place. Neefe believes this study to be the first one supplying 


Satisfactory evidence of natural transmission of a viral agent by water. 
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In a Pennsylvania industrial city having a water purification plant 
including coagulation, filtration and chlorination, there were 52 cases of 
infectious hepatitis between October 1944 and April 1945. Hayward(129) found 
the only factor common to the cases to be the public water supply, the source 
of which was not infrequently contaminated with raw sewage. This outbreak was | 
not an explosive one and this could be due to partial safeguarding of the 
public drinking water by the purification processes employed. 

An outbreak of infectious hepatitis occurring in Delhi, India, during 
a six-week period starting the first of December 1955, was described by 
Viswanathan ‘130) "as an unprecedented epidemic of an explosive nature". There 
were 7,000 cases of manifest jaundice reported to the health authorities during 
the course of the epidemic but based upon an intensive sample survey the total 
_@ase incidence was estimated to be 97,600 and the case mortality rate 0.9 per 
1,000. The main drinking water pumping station supplying 90 per cent of the 
urban population of the city draws its raw water from the Jumna River. About 
700 feet downstream from the intake, a drainage ditch discharged large 
quantities of raw sewage. Due to low water in the river and the suction effect 
of the water pumps, it is estimated that about the middle of November, 50 per 
cent of the water plant raw water pumpage was from the drainage ditch. Massive 
infection of the city's water supply took place during four days in spite of the 
modern treatment processes. Intensification of the filtration and disinfection 
processes did not inactivate the infectious virus though it may have produced 
some attenuation of it. 

Susceptibility to infectious hepatitis is variable although the 
disease appears to have a predilection for school-age children, particularly 


those under 15 years. This susceptibility is.far from a constant one; for 
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example, in the Delhi outbreak, the highest case rate was in the 15-34 age 
group and this rate was far higher than that for the group under 15 years. 
Epidemiological data suggest than an infection with hepatitis virus A is 

Be ood ti resistance to infection with the homologous virus and it is 
believed that the duration of immunity to the A virus may be er seeeete re: 

The sanitary disposal of feces to keep infected excreta from 
reaching a vehicle of transmission and the exercise of good habits of personal 
cleanliness would go far to reduce the incidence of this disease. They would 
not, however, be adequate to cut the disease’s spread entirely because of the 
obvious part played by contact and person-to-person dissemination. The virus 
eae infectious hepatitis is very hardy; it will survive heating to 56 degrees C. 
for at least 30 minutes and it is not killed by freezing, drying or various 
preservatives. 

As the shocking epidemic at Delhi demonstrated, normal water 
purification processes are inadequate to inactivate the virus of infectious 
hepatitis. Neefe(131) studied this matter in 1947 and concluded that coagula- 
tion, settling and filtration with a diatomite filter of contaminated water was 
not effective because 40 per cent of the volunteers. who ingested the treated 
kena developed the disease. The purification process did prolong the incuba- 
tion period and reduce the incidence 40 per cent. When the treated water was 
disinfected with chlorine in sufficient quantity to provide, after 30 minutes 
contact, total and free residual chlorine concentrations of 1.1 and 0.4 ppm 
respectively, the virus was inactivated. ciaprigat ing the contaminated water 


prior to the purification process was not effective against the virus. 
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Diarrheal Diseases. Diarrhea means the frequent passage of loose or fluid 


stools; it may be the primary symptom or it may be secondary in other diseases 


having a definite etiological cause. 
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Messin ‘132) has arranged diarrhea and the agents or factors 
responsible for it in three classes, as follows: 

lo Primary diarrhea resulting from infections 

2. Secondary diarrhea appearing as a symptom accompanying an 

infection outside the intestines and due to toxemia produced 
by the etiological agent of the particular disease 

3. Non-infectious diarrhea caused bys 

a. Chemicals, as in food poisoning 

b. Gastrointestinal allergies 

cso Metabolic disorders like those associated with emotional 
excitement 

d. Irritation of the intestinal tract such as that which 
can result from the consumption of foodstuffs containing 
a large proportion of indigestible material. 

Primary or infectious diarrhea is related to a variety of infectious 
agents, some of which have been confirmed and some of which are still only 
suspected. Among these ares 

l. Bacteria 

a. Cholera vibrio (See Cholera) 

bo Shigellae (See Bacillary Dysentery) 

Co Salmonella PRE Re ester dence as 
(1) Paratyphoid fever (See Paratyphoid Fever) 
(2) Typhoid fever (See Typhoid Fever) 
(3) Food poisoning *, 


(4) Asymptomatic salmonellosis 
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d. Escherichia coli of certain types, two of which have been 
found to be connected with sporadic and epidemic diarrheal 
diseases in infants 

€o Staphylococcus aureus infection, one apparently increasing 
in frequency since the introduction of antibiotics. 

f. Doubtful pathogens such as Paracolobactrum arizonae, which 


causes diarrheal syndromes similar to those due to Salmonellae, 


Proteus _morganii, Proteus vulgaris, Pseudomonas aeruginosa and 
Clostridium perfringens, all held responsibie for some “summer 
diarrhea.® 

Helminths, illustrated by the schistosomes and nematodes (See 

Dracontiasis, Echinococcosis and Schistosomiasis). 

Protozoa such as Entamoeba histolytica (See Amebiasis). 

Viruses. Some of the ECHO (Enteric Cytopathogenic Human Orphans) 

have been incriminated. 

Fungi. The intestinal type of candidiasis (moniliasis) is an 


example of this variety of diarrhea-producing infection. 


The most important of the diarrheal diseases, from the public health 


standpoint, are those due to the Shigellae, the Salmonellae, the E. coli, and 


the parasites. 


with diarrhea. 


These cause the largest proportion of the disability associated 


Distribution of morbidity and mortality from diarrheal diseases varies 


from country to country but it seems clearly evident that the rates of illness 


and death are closely related to the level of the environmental sanitation 


conditions, personal habits of cleanliness, and the socio-economic and cultural 
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standards. When these aspects of living are primitive, the diarrheal diseases 
flourish. Age distribution differs according to the causative agent and from 
country to country. Broadly speaking, E. coli and ECHO viruses infections 
strike hardest at infants under one year of age. Children aged one to four 
years are most susceptible to infection by the Shigellae and Salmonellae 
although it may occur in persons of any age. Parasite infections are most 
numerous in the older age groups. 

Sound data on illness caused by these infectious agents can be 
obtained only through painstaking epidemiological studies on a community basis. 

_ The accuracy of mortality figures is determined by the accuracy of the original 
diagriosis and diagnoses of diarrheal disease are chiefly symptomatic. Confused 
and confusing terminology applied both to the etiologic agents and the disorders, 
the different bases used for the classification of diseases, failure to give 

any medical diagnosis on death certificates and failure to record many infant 

_ deaths lead to the belief that the magnitude of the diarrheal disease problem 
could be seriously underestimated by relying only on the mortality figures now 
available. 

No area of the world is freé from diarrheal diseases. It is impractical 
to bring together all available data measuring illnesses and deaths resulting 
from all the diarrheal diseases but some data are shown in tables 1, 2, 3, 4, 6, 
and 7 and these have their shortcomings. Fairly representative of the appalling 
death rates attributed to some of the diarrheal diseases are the data shown in 
table 8 which pertain only to.countries in North and South America. The body 
disturbances included. in this tabulation are ‘those "with title numbers 543, 571 
and 572 in’ the International Statistical Ulassifitation of Diseases, Injuries 


and Causes of Death‘133) and are defined as ‘follows: 
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543 - gastritis and duodenitis 
571 = gastroenteritis and colitis, except ulcerative; age four 
weeks and over 
572 =- chronic enteritis and ulcerative colitis, excluding 
amebiasis 
It is unlikely that the death rates due to these diseases will be very different 
in those countries not included in this table but comparable in their state of 
development. 


TABLE 8 
Number of Deaths and Death Rates per 100,000 Population 


from Gastritis, Enteritis, etc., in the Americas, 1956* 


Country Death Rate 

(For Footnotes, per 100,000 

see TABLE 4 Number of Deaths Population 
Argentipa\®) 3,014 1604 
Bolivig\@) 1,771 5607 
Brazi1\>) 9,421 157.2 
Canada \° 905 5.6 
Chile 55645 85.7 
Colombia 15,638 120.9 
Costa Rica 1,221 12320 
Dominican Republic (#)(h) 2,645 104.9 
Ecuador (4) Ce 3,928 106.4 
El Salvador (4) 4951 225.8 
Guatemalg\¢) 8,808 270.3 
Hondurgs g 640 39.2 
Mexico(d) 67,563 227.6 
Nicaragua — 1,191 92.5 
Panama / 490 5503 
Paraguay (8) 264 1635 
Peru(a) | 3,883 48.6 
United states (4) 767544 467 
Uruguay 524 ae 


.The pathogenic agents of the diarrheal diseaseSare almost without 
exception transmitted by contact with.an infected person, either directly or 


indirectly. The one’ exception might be said to be that causing salmonellosis 
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(Salmonella gastroenteritis or Salmonella food poisoning) which results 
from the effect of a toxin. There are many vehicles which assist in 
the dissemination of these diseases; water, foods, shellfish, fish, ice, 
milk, milk products, raw fruits and vegetables, and flies all perform 
this undesirable service. Susceptibility of man to diarrhea varies as 
does the degree of immunity acquired following an infection. 

The two major approaches to accomplishing a reduction of inci- 
dence of the diarrheal diseases are edvdtionl ant the betterment of the 
sanitary conditions of the environment. Health education can make a 
great impact on the problem by teaching personal hygiene, sanitation of 
and in the home, proper care of babies and pregnant women, how to recog- 
nize the illness and the need for skilled management of it, and ways to 
improve diet. 

| With respect to making the environment less hazardous, emphasis 
should be on the vehicles of transmission to cut the lines of spread. In 
connection with the continuous efforts to make safe drinking water avail- 
able to all, it should be pointed out that this is not likely to produce 
as dramatic a reduction of incidence in such diarrheal diseases as 
enteritis as it did in the case of typhoid fever, (134) As mentioned 
heretofore, the ready availability of safe water both to drink and for 
self-cleansing purposes will reduce infections by Shigellae, a most 
Man ortast item in this array of diarrhea-causers. Verheestraete >) 
has drawn attention to the threat of animals infected with Salmonellae, 
other than S. typhi, because of the close relation between man and 


animals in primitive homes and their surroundings. 
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There is much information available regarding methods of 
preventing the diarrheal diseases. While this knowledge is being used 
datpraction! control programs, epidemiological investigations of 
causative agents and the factors of the agent-host-environment relation- 
ship should be pressed forward to unfold new and better procedures upon 
which to build more effective and economical control efforts. 
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of Public Health, United Arab Republic, Alexandria, Egypt. Mimeo- 
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Special Reference to the Americas. Bull. World Health Organiza- 
tion, 19:23 (1958), Geneva. 

Pleurodynia. Plevrodynia is an acute infectious disease usually 
peceeriuc in localized epidemic form among children and young adults. 
According to Spee eye: it is never fatal. The infectious agents 
are various viruses of the Coxsackie Group B. 

Epidemic outbreaks have been reported in Australia, Europe, 
England, New Zealand and North America. Huebner (235) aaa his associates 
investigated an outbreak of 22 cases in 1951 in northeastern Texas and 
were able to recover Coxsackie Group B virus from the stools of 16 of 
those persons exhibiting signs and symptoms of the disease. 

Man is the reservoir of the infective viruses which appear 
in the feces and throat discharges of those. having the disease. No 
animal is known to serve as a reservoir although Coxsackie viruses have 
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persist in flies and their excreta for one to two weeks. 


\ ; 
t 4, 
‘ Tyr 
4 TS) te 
) t ‘. 
, » th is 
730 , . ‘ Beat) 
j 
4 - < 
ty \ oe aay ‘ 
‘ 
, 4 
cen, 
, ._ 
> | bh © ‘ 5 
a i 
es ee 
Fi 
’ 
K 
ld 
» ) 
t Bhs | 
4 ds 
? a . 
P My 6) a oy he uA ? 
SVG i 
‘ a ses 
yy yy i. al ws 
' 
17 


eidaiisys iodine 


. oP i “ ie 
Wigs h ' 6 Ses 
H - hy 
vas a Ris he 


. ‘ p. | 
s — “ nS _ let. Ay, Mere xy jks 
4 ’ t +s oe “4 q ? ? i 
view ae a b sa ~~ pe PY 2 3 ms i > ee 
' ‘ 4 : . 
. Te jrereie ? Amity 1 ‘By sO Ted a 
wave | dy 5 awe hy Tir Say BL) & 
‘i G é * P 
se) har 1. My LFS 220, SFOR 
hed 4 y } ry 
f "ig ’ 
’ > ) ; i" 
* 1 
“Fs an 
; a 
4 t A> Ned 
Pt 
Do? 
\ mR ¢ 
{ . 
. ‘ ; Up 
i 
“9 uer " we 
‘ > ~~ 4 oo Tage aly , 
it 6st lerrberure TS 
Woe lle EY aan ee 
’ 
o~ wl be tiated 
’ jc UE rye 
fii! i i 
1 - 
y this 
i ’ 
{ 
j ol . ‘ 


ob 
1 ney we 1 ee : —— P - 


em 


Stloeexo? 7 2? ofa 


=e Swe wd 


te waked fe HUOS LOY 


e 
AG 


ul, i bk aa Nothy 
d 1 ¥h aa af 5 Mae r ti 
‘ K . 4 ie 5, “ h onset, dae 
A 9 0 eae > cu : if od aoe ard 


Q SIO WHI 


= BY e 

The method of spread of pleurodynia is not clear but the most 
likely hypothesis is that transmission is by way of contact with an 
infected person or through intermediate articles such as utensils or 
towels which have been freshly soiled with infective material. 

In 1954 and 1956, Ke11y'237) examined samples of sewage at 
the Albany, New York sewage treatment plant to ascertain if enteric 
viruses were present in it. Of 20 samples taken in 1954, Coxsackie’ 
Group B virus was isolated from eight; in 1956, the number of samples 
containing this virus was found to be 12 of 17. Isolations were made 
from samples of raw sewage, sewage effluent and from samples taken at 
the plant outfall and at a point 25 feet downstream from the point of 
outfall discharge. Melnick (236) examined urban sewage and flies in six 
states over a period of four years and in doing so made 1,929 tests. 

Of these, 269 yielded Coxsackie virus but all isolations were members of 
Group A. It was found that this type of virus was generally present in 
sewage in the summer and fall but absent in the winter and spring; it. 
was found both in the influent and effluent at sewage disposal plants. 

After performing certain experimental studies on the ability 
of sewage treatment plants, without effective chlorination, to inacti- 
vate Coxsackie virus, Ketly‘t>) concluded that there was “ample evidence 
-that sewage treatment, while complying with existing standards, may not 
control pathogenic agents to the extent that receiving streams can be 
ignored as potential sources of infection". 

It is evident that Coxsackie viruses are chiefly feces-borne 
and that they are readily isolated from sewage and sewage effluents. 


This being the case, they must be considered as potential water-borne 
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viruses which may be present in raw waters drawn from water courses for 
use, following purification, as domestic water supplies. Coxsackie viruses 
are relatively stable. Clarke'199) found that the time required to 
reduce the number of Group A Coxsackie viruses 99.9 per cent in Ohio 
River (U.S.) water at a temperature of 20 degrees C. was approximately 
six days and at a temperature of 8 degrees C., 12 to 16 days. This 
infective agent is, therefore, likely to be present in flowing sources 
‘of raw water which are located not too distant from upstream points of 
sewage discharge. 

As a safeguard against infection by Coxsackie virus via public 
water systems, an effective water purification process is essential. 


(146) determined, in experimental work employing Group A Coxsackie 


Clarke 
virus, that the flocculation process satisfactorily applied would remove 
95-99 per cent of the organisms; in other work, using a purified suspen- 


(141) ‘found that 99.6 per cent inacti- 


sion of Group A Coxsackie ince he 
vation was reached in three minutes at pH 7.0 and temperature of 27-29 
degrees C. when the residual of free chlorine was 0.5 ppm. The inacti- 
vation time is dependent upon temperature, pH and chlorine concentration. 


In spite of the known presence of Group B Coxsackie virus in 


raw waters available to water purification plants, there is no epidemio- 


logical evidence to prove that water _is_a vehicle of transmission of 
pleurodynia. 
"Susceptibility /to this disease] is probably general, and 


presumably a type-specific immunity results from infection."(3) 
(142) 


Rivers states that "specific measures to control infection 


by Coxsackie viruses have not been devised". 
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Poliomyelitis. Poliomyelitis is an acute disease which, in its most 
characteristic form, involves parts of the central nervous system. In 
most of the patients, however, the illness is mild and is limited to 
upper respiratory or gastrointestinal symptoms. Fatality in mild attacks 
varies from 2 to 10 per cent; in the gravest form, bulbar poliomyelitis, 
fatality ranges from 5 ~ 60 per cent. The infectious agents are polio- 
virus, types 1, 2, and 3. | 

This disease is world-wide in its distribution. It occurs 
both sporadically and in epidemics. ‘Incidence seems to be highest in 
the summer and parly. fall but this varies from year to year and from 
region to region. Children from 1 to 16 years of age are more frequently 


attacked than adults but in several areas this pattern is changing to 
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the disadvantage of older children and young adults. In countries where 
artificial immunization has been widely practiced, epidemics have been 
confined aed to the least vaccinated population groups. 

The reservoir of the infective polioviruses is man, most frequently 
children suffering from clinically unrecognized or inapparent infections. 
The sources of the infection are the pharyngeal secretions and the feces 
of infected persons. Harrison‘??? states that "the greatest quantity 
of virus is found in the small intestine.” 

Currently there is almost uniform agreement that the virus of 
poliomyelitis is spread principally by person-to-person contact and the 
portal of entry is the mouth. The bulk of the evidence revealed by 
epidemiological research related to this disease supports this conclusion. 
However, milk has served, in a few instances, as a transmitting vehicle 
and drinking water is still suspect. There is also some evidence that 
flies may play a part in spreading this disease. 

In 1926, in Broadstairs, England, an epidemic of poliomyelitis 
having unusual localizing features and involving 75 cases was studied 


by Aycook. (143) 


Among nine sources of milk, that from two dairies (A 
and F) appeared to be responsible for 69 of all the cases. Dairy A may 
even have had a greater responsibility because it sold to Dairy F during 
the epidemic period, two-thirds of the milk Dairy F distributed. The 
evidence pointed to contamination of only one grade of Dairy A*s milk, 
coming from a single farm, as the source of infection of these cases. 
Eight cases of this disease (two more cases were subsequently reported) 
occurring in 1925 in Cortland, New York, were studied carefully by Knapp 


(144) 


and his associates. ‘These few:cases, in a city of 15,000 people, 


: < 


: ay 
lye pes | F 
merbiide gable Ly 
even ho .Leoltoany phebie need ead aoitan te 
| mitetogoy ateahpoer daeet atti 


ri : nie o } o vere % ‘ » be we 
ie te i ay Fats" : a WTiw } Wei x Ce) =e 
¥ 4 : s rr ge a ot sn 
wm eX ‘ er ey ' aL ‘ ¥ oy ee Fi  ¢ 4 a zs sv 
« OF } Sh ae 5 eee ! in : Piet Dil Mint pte RTI E AS ate oP 4 
. ies , : » & a? a. (eae se 
ial RL? de t pe Bi Viel Darekar ene 1¥ & 4 bY yw Med 4 Sd “ 
Mf * ny * 
~ 7 
ie Me Been y nh a fy vy be vs val 1 - ey owe ¥ Eb iwe Bo ye a ae 
Yn Ray ‘ Se trad a ( aa i rie ae 
hd i ft 
% ; re if Veeeyie, | t 
Hi ’ = ‘ 
o® aN See ee oe 9 2 Ge 
fy) r on. e | 4 we, to i) 
; : ; ‘ é . . wad Sy jot bud 2 as 
{ , y _ “2 o S 
“ , * ‘ 4 ‘ ¢ 
‘ (i = Abdo ' ‘ ib) i ie 
iL \e . 
We LA rt Ls Can + fone Shs a Va 
\ ’ y 
¢ é | 
- ° ? r ee ee’ Sie) c rary 
{ be ‘ i i, 3 4 . i th, , A , PG.) | 
. 4 . , t ' 3 : Oe «<p > a i* s 
4 - ~~ 
9 f ke Vi i-vg@ 84 * Sole 
. “— ae ee ae 
LAT wil s b Lhe EGA tp ., aes' “ Vii ta 
{ i 
ay } Nhe Ny , i bh f ae 2 
p - we Come > . wom ng Ss ar p Pty Yi eee 
: tal “\ es YN ory Seti Rat 3 eh ee oR LL tele 
+) : t he i 
fi r + x “- by ‘ 
a! ' ° ene rs 
r be “4 4 mye ia 
Pky 5 P 
F eH. rte 4 
e! POE a ar aie “ 5 34 
4 : np 
” } " oy ond pe \ ? .. 
Ye in y ta ay ‘ hh TT 
eT hays AU HA “ ae sn aes 


bh ae ie ic a ati Peas cy yeaa ey ; Sy oe 


i a ; te ew 7 Woy ‘ i 4 
L 
a 
\ io 2 sie adie =" 
: ed " a J DP wens ro oe ae 
: ‘ a. 3 & Bx is ¥ es Beat 3 I} 
gait 
LU ak H 
yf i i 


- 88 - 
were subsequent to the appearance of three other cases more than two 
months before. With the possible exception of one, all of these cases 
were people who drank milk from one dealer whose sales constituted only 
4 per cent of the city’s total milk supply. The cases were dispersed 
widely enough to make it improbable for the milk supply to be a mere 
coincidence of geographic distribution. A case of paralytic poliomyelitis 
existed on the farm from which most of the milk came, and this patient 
was milking cows and otherwise handling the milk for four days while in 
the acute stage of the disease. | 

Durinigrtherstiner OLa9kty TraskVand"Panl Lt) séltected 29 
samples of flies in epidemic areas both during and after poliomyelitis 
epidemics. Of eight samples obtained during the latter part of a 
local epidemic but within ten days of the onset of a local case of 
poliomyelitis, four yielded poliovirus. In four cases, potential sources 
of virus (feces) of recent origin were available within a few yards of 
the points where the flies were captured; three of these yielded polio- 
virus. According to Melnick, ‘t46) poliovirus can be recovered from two 
genera of blow flies and the common housefly, Musca domestica, and their 
excreta collected over a period of several days following their feeding : 
on infected human excreta. 

The suspicion attached to drinking water as a vehicle of spread 
of poliomyelitis arises from the fact that the infectious agents have 
been found in sewage. In 1941, Paul and trask 147) stated that "it has 
become increasingly apparent that the virus of poliomyelitis may be 
readily isolated from stools of patients with poliomyelitis." An exam- 


ination of sewage collected regularly for about 12 months at two sewage 
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treatment plants in Toronto, Canada, resulted in the recovery of polio- 


(148) at the height of an epidemic in July-September, 


virus by Rhodes et al 
1959. Virus was isolated at one of the plants five weeks before the 
first reported case of poliomyelitis in the district contributing sewage 
to that plant. In 1954, Kelly (137) examined 20 samples of sewage collected 
at the Albany, New York, sewage treatment plant and isolated poliovirus 
from 13 of them; in 1956, of 17 samples studied, poliovirus was found 
in three. | 

The presence of the polioviruses in sewage assures its presence 
in some raw water supplies which may or may not be drawn upon as sources 
of domestic water. As May‘) has so aptly put it in discussing disease 
spread in the United States, "since there is a general practice of dis- 
charging sewage into rivers and streams, there exists a great proportion 
of citizens who, in whatever purified form, drink each other’s sewage." 
Where available, sewage purification works interpose a barrier against 
the pollution of raw water with poliovirus but neither are such works 
everywhere available nor are those in use always entirely effective in 
producing a biologically safe effluent. The virus is quite resistant 
Cee. 


and will live in water and sewage for as long as four months. 
Water purification systems constitute a second defense against 

contamination of domestic water supplies by polioviruses which may. be 

present in raw waters. Although the best measure to employ to avoid 

the possibility that municipal water supplies will contain poliovirus 

is to shun the use of ereeely polluted water as a source of supply, 

communities have not always been able to do this. Chang! 149) has suge 


gested that such water should be prechlorinated at a rate which will 
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produce 003-004 ppm of free residual chlorine during the entire treatment 
process and 0.2-0.3 ppm at the time the water leaves the plant. He adds, 
diso, that "af the water treatient process anthides sdtisfactory flocculation, 
another 90-99 per cent virus removal will be added to the total ea yelant 

The part that drinking water may play in the transmission of paqlio- 
myelitis was discussed by Krumbiegel (150) in 1944 and he concluded that the 
epidemiological evidence then available failed to show that water was 
biologically of any importance as a transmitter of poliovirus.. Similarly, 
in 1949, Maxcy 151) summarized current opinion to the effect that epidemio- 
logical studies of this disease had not resulted in proof that the pollution 
of a community water supply was responsible for the exposure of consumers to 
infection with poliovirus. 

Within the last few years, two poliomyelitis outbreaks have been 
studied and drinking water has been suggested as the vehicle of transmission in 
both instances. Little '252) believed the ications Canada, episode in 1953 to 
be water-borne because the outbreak was an explosive one, with scattered cases 
within the city; it occurred at the time when there were lapses in the 
chlorination of the settled sewage of Devon, which reached the North 
Saskatchewan River, the source of Edmonton's raw water; and poliovirus was 
recovered from the Devon sewage. In the Huskerville (Lincoln), Nebraska (U.S.) 
Situation, described by Bancroft(153) an abrupt, severe outbreak occurred in an 
unusually homogeneous community under circumstances permitting an analysis or 
possible etiological factors. During a five-week period, more than 10 per cent 
of 347 children in the area of high incidence developed poliomyelitis while 


there were no cases of the disease -- either non-paralytic or paralytic -- among 
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256 children living in the adjoining section of the village. There was found to 
be a close correspondence between the location of cases and of flush-valve water 
closets not provided with vacuum breakers, as well as a correspondence in time 
between the outbreak and the occurrence of extreme fluctuations of pressure in 
the water mains*. Immunological studies corroborated the belief that poliovirus, 
type 1, had been carried by contaminated drinking water. 


In view of the paucity of information bearing upon water as a vehicle 


of spread of poliomyelitis, its conviction as such will have to wait until there 
is a better understanding of the disease process of poliovirus and the epidemiology 
of the disease has been more thoroughly investigated. 
Man is generally susceptible to this disease and type-specific 
resistance of long duration follows both apparent and inapparent infections. 
Active immunization is presently the best preventive measure. 
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WATER-BRED PLANTS AND ANIMALS 


Some insects, worms, plants, fish and crustacea need water to continue 
their life cycle and to live in while becoming dangerous to man. The condition 
of the water -- quiet, running, natural, artificial, clean, polluted, fresh -- 
bears upon its selection for inhabitation by the plant or animal life involved, 
in some way, in disease transmission. 

The mosquito, with which the world is very familiar, would not continue 
to exist long were it not for water. As it is, this insect viciously implants 
viruses in man to cause such diseases as dengue, encephalitis, Rift Valley 
fever and yellow fever; it carries to him both the protozoan of malaria and 
the nematode responsible for filariasis. 

The larvae of certain flies are aquatic and need water for their continued 
existence. For example, flies of the genus Chrysops and of the genus Simulium 
(black fly) are in this group. Chrysops leaves in man, after the bite, infected 
larvae of a nematode which causes loaiasis and Simulium performs the same action 
with another nematode which infects man with onchocerciasis. 

Using fresh water fish and crustacea (crabs and crayfish) as the immediate 
sources of infection, trematodes and a cestode perpetuate certain diseases. 
Clonorchiasis is caused by a fluke and diphyllobothriasis by a tapeworm, and 
both reach man by way of the ingestion of parasitized fish. In a similar 
manner, crabs and crayfish infected with a trematode produce paragonimiasis in 
man. More directly, man may consume fluke cercariae responsible for fasciolopiasis 
when he eats the aquatic plant, water chestnut. 

| The human finds these water-related infectious agents on all sides of him 
and must fecognize their threat and mode of dissemination if he is to remain 


uninfected. 
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CHEMICAL SUBSTANCES IN WATER* 

Even the purest natural waters are far pba pure either from 
the chemical or the physiological standpoint but contain suspended 
matter and dissolved substances in varying amounts. Among the common 
impurities in water are plant and animal life and soil particles in 
Suspension, and minerals, gases, and plant extracts in solution. 

Domestic use of aesthetically satisfactory, previously unused 
waters is more likely to present a health hazard from the presence of 
living micro-organisms? than from chemicals. Following domestic and 
other uses, however, pollution by a variety of chemicals, as well as by 
living organisms increases the health hazard. 

Studies made on ground and surface waters following usage have 
revealed a multiplicity of chemical substances not present before such 
usage. Some have been toxic as illustrated by the findings of research 
on the Ohio River (U.S.) where phenols, and chromium and copper salts 
were detected. (19>) More recent data on fishkills along 600 miles of 
rivers and 5,000 acres of lakes in the United States, obtained for the 
summer of 1960, showed 185 such incidents of which 73 were attributed to 
agricultural poisons, 57 to industrial wastes and the remainder to other 
patisessnto°? 

Some of the chemicals in water may be merely aesthetically un- 
pleasant or distasteful, serving mainly as deterrents to its free and 
full use. Other chemicals may be capable of reacting to form substances 
* The chemical elements, compounds or materials included in this 

chapter parallel those deemed to merit consideration in the U.S. 

Public Health Service Drinking Water Standards. (154) 


# Discussed in preceding chapters. 
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with altered toxicity and still others may be beneficial to animal and 
human health. 

The chemical substances treated in this chapter are divided 
into two groups. Group I includes those known to isastub toxic qualities 
when present in drinking water at levels above specific limits and others 
which appear to have a similar potential based upon evidence of their 
toxicity when conveyed to man in media other than water. None of these 
substances should be permitted to exceed the limits set forth if there 
is to be full assurance that health effects will not occur among the 


consumers of water containing these chemicals. 


Group I 
1. Arsenic 6. Fluoride 
2. Barium 7. Lead 
3. Cadmium 8. Selenium 
4, Chromium-hexavalent 9. Silver 
5. Cyanide 


Arsenic (As). Traces of arsenic are fairly common in natural 
waters and, as an arsenate, it has been found in hot pan AN) Cone 
tributions of arsenic to surface waters may be made by industrial and 
mining activities or by the surface-wash of lands where insecticides and 


herbicides have been employed. However, Near ‘158) 


has reported no signi- 
ficant contamination of water supplies coming from the watersheds where 
lead arsenate was used as.a pesticide spray by agriculturists. The 
tolerance for arsenic on sprayed fruits and vegetables in the United 
States is 3.5 ppm of combined Aso03 in terms of the weight of the 
specimen penntnsds 072? 


Arsenic compounds are very toxic and as little as 100 mg usually 


causes severe poisoning when ingested. Chronic arsenic poisoning is deceptive 
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and pernicious; the slow excretion of arsenic is in part the reason for 
its cumulative toxic effects. Deaths among cattle in New Zealand have 
been reported as a result of drinking natural water containing arsenic. 

There is some evidence pointing to the belief that arsenic 
may be carcinogenic. Employees of an arsenical powder manufacturing 
plant who were exposed to arsenic dust showed a higher incidence of 
skin and lung cancer than other occupational groups. (160) (161) 

In view of the present knowledge concerning the potential 
health hazard from ingesting inorganic arsenic, the U.S. Public Health 
(154) 


Service Drinking Water Standards recommends the rejection of drink- 
ing water containing more than 0.05 ppm,* and the avoidance of the use 
of a water supply containing a concentration of more than 0.01 ppm if 
another more suitable supply is available at a reasonable cost. 

Barium (Ba). In ground and stream waters, only small amounts of 
(162) 


reports finding barium in connate 
(163) made 


this element are present. Piper 
waters largely associated with wells in oil fields. Braidech 
spectrographic determinations of minor chemical constituents in the 
water supplies of 24 cities in the United States and recorded that the 
barium content varied from 0.04 ppm to 0.5 ppm. 

Barium is known to be a general muscle stimulant. Evidence 
exists for high acute toxicity of ingested soluble barium salts and 
for chronic irreversible tissue changes from the deposit of insoluble 
forms of barium in sufficient amount at a localized site. However, no 
accumulation of barium has been reported to occur in bone, muscle or 


kidney from experimentally administered barium salts in animals. 


* a ppm is equivalent to a mg/l or 0.058 gpg. 
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597 
Information regarding the amount of barium that may be tolerated 
in drinking water is not available. Neither are there data on the effects 
from prolonged feeding of barium salts to support an acceptable water 
standard. Utilizing the threshold limit for air of 0.5 mg per cubic 


pater sonpvatokinger and Woodward ‘165) 


reached the conclusion: that 1.0 
ppm in water constituted the limit of the "no effect" level but in their 
rationalization, they made reasonable assumptions regarding the retention 
of inhaled barium dusts and absorption from the intestine, and provided 
a safety factor. 

Because of the seriousness of the toxic effects of barium on 
the heart, blood vessels and nerves, the rejection of drinking water 
containing barium as metal in excess of 1.0 ppm is Sayisear et 

Cadmium (Cd). Cadmium is likely to be present in natural waters 
only in minute traces but it may be introduced in amounts significant 
to health by solution from containers or tubing, or by waste products. 
In the dissolved state, cadmium is a powerful emetic and a gastrointes- 
tinal irritant, and in the form of its soluble salts it can cause both 
acute and chronic poisoning. 


(166) _ 


Frant reported on four outbreaks of cadmium poisoning 
which resulted from the contamination of certain foods and drink by 
soluble cadmium compounds. The food item in one of the incidents con- 
tained 530 ppm of cadmium and cadmium-plated utensils were involved 
in all the outbreaks. Coffee and lemonade held in cadmium-plated 
containers for periods of 1 1/2 to 14 hours produced several large 
cadmium poisoning outbreaks among military personnel, according to 


(167) 


Cangelosi. 
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Cadmium has been described as a water contaminant by tieber 1) 
who studied the penetration of the soil by cadmium-containing wastes stored 
for disposal in ground-recharging basins on Long Island, New York. In 
two shallow wells, he found 0.6 ppm and 0.34 ppm respectively and test 
wells revealed concentrations up to 3.2 ppm, the amount depending upon 
the location of the well with respect to that of the waste disposal site 
and the depth at which the sample was taken. 

In a study designed to determine the effects of drinking water 


(169) 


contaminated with cadmium, Decker and his associates gave five groups 
of rats drinking water containing it at levels from 0.1 to 10 ppm. No 
toxic effects were seen but the cadmium content of the liver or the kidney 
increased in direct proportion to the cadmium intake. Tissue values at 
the end of a year were double those at the end of six months. Toxic 
effects were seen in rats ingesting 50 ppm for three months. In other 


(170) 


experiments, Ginn learned that 50 ppm of cadmium as cadmium chloride, 
given to rats in food and drinking water, reduced blood hemoglobin and 
lessened dental pigmentation. 

All levels of dietary cadmium so far tested have shown cadmium 
accummulation in the soft tissues and the presence of minute amounts of 


(171) 


cadmium in rat liver mitochondria has been shown to interfere with 


an important pathway of metabolism, Also there is suggestive but unproven 
evidence that cadmium is related to chronic sustained arterial hyper- 
tension. ‘172) 
In light of existing evidence against cadmium, water contain- 
ing it in excess of 0.01 ppm should be rejected as unsuitable for domestic 


(154) 


consumption. 
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Chromium (Hexavalent Cr). Very little chromium in igneous rocks 


goes into solution; hence, natural waters would be expected to contain 
only traces of it as a cation, unless the pH were very low. Braidech 10> 
cited the chromium content of certain public water supplies in the United 
States as varying from 0.001 ppm to 0.04 ppm. 

Surface waters are subject to contamination with chromium com- 


(173) sound that the 


pounds coming from industrial processes. Graham 
Los Angeles River (U.S.) received wastes of this type from manufacturing 
plants performing chromium plating. 

Davide reported that hexavalent chromium was to be found 
in ground waters of Long Island, New York in 1942, presumably coming 
from storage basins holding industrial wastes. One private well examined 
which had been used by a family of four for at least three years prior 
to the time of sampling with no detectable ill effects was found to 
contain 1.0 ppm. Three years later (1951) this well contained 25 ppm 
and the family was still using it. Test wells drilled in-an effort to 
define the area of underground contamination showed up to 40 ppm of 
chromium. 

An analysis of mortality data of exposed employees in the 
(175) 


United States chromate-producing industry by Machle revealed a 


high death rate from cancer of the respiratory system. Whether hexa- 
valent chromium = or chromium of other valence = is cancerigenic to 
man if taken by the oral route is not known. Trivalent chromium in 


(176) 


drinking water is believed to be of no hygienic significance. 


(177) 


MacKenzie and his associates fed water containing between 


0.45 ppm and 11 ppm of hexavalent chromium to five groups of rats for a 
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= 100 = 
year. There were neither differences between these rats and the control 
groups as to water intake, food consumption or weight gain nor were there 
any changes found upon blood analysis. There was a rise in tissue chromium 
concentration when the rats drank water containing amounts of chromium ion 
in excess of 5.0 ppm. In another test, water containing 25 ppm of hexa- 
valent and trivalent chromium fed to two groups of rats respectively for 
one year produced no toxic symptoms. Growth curves for white rats calcu- 
lated following experimental work by Gross‘t’?! indicated that the maximum 
non-toxic level of chromate salts in drinking water is 500 ppm. 
In light of the present evidence available, a concentration 

of 0.05 ppm in drinking water is believed to be sufficiently low to 
result in no toxic effects if consumed at that level for a lifetime, 15") 

Cyanide (CN). Cyanides are common to many modern industrial processes 
and they are soluble in water. Hence, they may be found in raw waters 
receiving industrial wastes from specific industrial processes. 


1 
Smith’ 79) reports that 2.9 = 4.7 mg of cyanide per day, taken 


(180) says that neither is 10 mg 


orally, is not injurious and Bodansky 
in a single dose. Cyanide, in reasonable doses (10 mg or less), is de- 
toxified in man’s liver and when toxic effects are lethal it is usually 
because the detoxifying mechanism is overwhelmed. Fish are quite sensitive 
to cyanide in water and can serve as an indicator of its presence . Karsten‘ 
states that concentrations over 1.0 ppm are certain to kill all trout 
within 20 minutes. 

Becaus¢ of the rapidly fatal effect of cyanide, drinking 


water containing more than 0.2 ppm of it should not be accepted or 


used, (294) Chlorination under neutral or alkaline conditions will 
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reduce cyanide by the formation of cyanogen chloride, a substance with 
an acute toxicity of one-twentieth of that of hydrogen cyanide, when 
taken by mouth. A limit of 0.01 ppm is appropriate when a more suitable 
source of water potentially free of cyanide, can be made available at 
a reasonable ponte to# 

Fluoride (F). Fluoride concentraion in ground waters may range 
up to 50 ppm or more but more than 10 ppm is rare and surface waters 


(157) 


seldom contain more than 1.0 ppm. Sampling and subsequent testing 


of surface and well waters in a large number of communities of the United 


States by Kehoe ‘2&2? 


revealed a mean concentration of 0.317 ppm. 
Excessive fluoride in drinking water causes dental fluorosis 

(mottled enamel) which increases in the intensity of its effect with 

increasing fluoride concentration. Following observation of this 


(183) suggested that the mineral composition of drinking 


‘condition, Dean 
water might have an important bearing on the incidence of dental caries. 
His examination of nine-year old children with continuous exposure showed 
a higher percentage of children to be caries-free in those communities 
where the domestic water supplies contained a higher concentration of 
fluorides in comparison with communities using water having a lower 
concentration. 

Hodge has reported '184) that 13 of 114 residents of Bartlett, 
Texas (U.S.) where the drinking water contained 8.0 ppm of fluoride 
showed osteosclerosis, and that 21 of 178 of those living in a specific 
South American Rraaiand drinking water having in it 16 ppm, gave evidence 


of bone changes by x-ray examination. Large amounts of fluoride can be 


lethal. 
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Continued study of the relationship of fluoride in water to 
dental fluorosis and caries, finally resulted in the concept that con- 
trolled concentrations of fluoride in drinking water might be used to 
the advantage of man. Dean and his asdogtaten) to) following an 
extended study of 7,257 white urban children aged 12 to 14 years con- 
tinually exposed to the drinking water supply of their respective home 
community, found that there was a general inverse correlation between 
the fluoride concentrations of the public water supplies and the amount 
of dental caries observed and that low dental caries prevalence, without 
the harmful effects of fluorosis, was associated with the continuous 
use of domestic waters having a fluoride content of about 1.0 ppm. 

With the initiation and extension of the practice of supple- 
menting fluoride intake to the optimum level, using drinking water as 


the vehicle, Galagan‘t©° 


pointed out that water intake — and hence 
the fluoride intake - increased directly with increases in air temperature 
under normal living conditions in the United States. 

The effectiveness of fluoride in preventing dental caries was 
confirmed by the 10-year observation of participants in a study in 
Michigan. (287) Here the adjustment of the fluoride content of the 
communal water supply to 1.0 ppm produced a reduction of the caries rate 
for the deciduous teeth in 6-year olds by 54 per cent and, in children 
born subsequent to the start of the fluoridating program, the caries 
rate in permanent teeth was reduced by 60 per'cent. 

There are abundant data showing the desirability of altering 


drinking water so that it will contain an amount of fluoride suitable 


for the best tooth development. Changing the source of drinking water 
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supply, supplementing the fluoride content of an existing one by 
the mechanical addition of fluoride compounds, and partial defluori- 
dation to remove fluoride present in excess of an optimum amount (188) 
are all means to improve man’s physical condition. 

The U.S. Public Health Service Drinking Water Standards specify 
that when fluoride is naturally present in drinking water, the concentra- 
tion should not average more than the appropriate upper limit in table 
9 and drinking water should be rejected as inimical to man’s health if 
average concentrations are greater than twice the optimum values feb enat 
table. When fluoride in water is artificially supplemented by the con- 
trolled addition of fluoride compounds (fluoridation), the average con- 
centration should be kept within the upper and lower limits in table 9. 

TABLE 9 (154) 


Fluoride Concentrations 
Annual Average of 


Maximum Daily Air Limits of Fluoride Concentrations in ppm 
Temperatures in | 
degrees F.\a Lower timum Upper 
9000 = 5307 0.9 Le2 1.7 
53.8 - 58.3 0.8 1.1 1.5 
58.4 = 63.8 0.8 1.0 Luk 3 
63.9 = 70.6 0.7 09 Lee 
70.7 = 79.2 0.7 0.8 1.0 
7903 = 90.5 0.6 0.7 0.8 


(a) Based on temperature data obtained for a minimum of five years. 
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Lead (Pb). Only traces of lead are likely to be found in natural 


waters. Kehoe (182) 


reports data showing the presence of lead in natural 
surface and well waters in quantities ranging from 0.001 ppm to 0.06 ppm; 
his own tests of the drinking water of a namber of localities in the 
United States showed lead in amounts from 0.001 to 0.04 ppm. 

There is ample evidence, however, that in the past the lead 
content of drinking water has been measurably increased by the solution 
of lead from lead pipes through the action of aggressive water. For 
this reason, the use of such pipe to conduct water likely to corrode 
it should be avoided. In the period of 1909-1910, 49.5 per cent of 
699 examinations of drinking water for lead made by Howara‘189) showed 
its presencs in 0.5 ppm or mores in 1921-1922, 18.7 per cent of 380 
tests gave the same results. Howard states that most of the samples 
were of ground waters and lead pipe was almost invariably used to conduct 
the water. Wright ‘190) studied clinically 253 persons using water from 
90 different lead-conducted water supplies. All the waters tested con- 
tained lead and 35 of the supplies were responsible for lead poisoning. 
The presence of a lead line or the stippling of red blood cells, and 
at least two other symptoms common to lead poisoning were indicative of 
mild lead poisoning in 24.9 per cent of those studied. 

(191) 


Negus has cited cases of plumbism (lead poisoning) which 
were traced to the consumption of water from streams and wells located 
near regions in which heavy agricultural spraying with lead arsenate 

was carried on. Near $158) found that irrigation water passing through 


orchard areas where lead arsenate was used as a spray contained only 


0.003 to 0.071 ppm of lead. 
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Other main sources from which man may unintentionally acquire 


(192) 


lead are food, air and tobacco smoke. According to Kehoe, a resident 
of the United States accretes an average of 0.32 mg of lead per day from 
food and beverage. At this level, the body's excreting process is adequate 
to preclude a significant accumulation but if the daily intake rises to 
more than 0.6 mg, the rate of the body’s accumulation will increase as 
the daily dose increases. 
Other studies by Kehoe 193) indicated that a resident of a 
specific large city in the United States will breathe in about 0.1 mg 
of lead each day. The extent to which this is absorbed is unknown but 
it is conjectured to amount to 10 per cent. | 
The lead contained in the foods “pee by man is natural or inci- 

dental, and its presence is largely unavoidable; Lead is in much of the 
atmosphere which man must breathe and it has increased in quantity more 
than 10-fold over the last decade in urban communities in the United 
States. Heavy cigarette smokers add to the lead body burden with each 
Biedrette puff. Indicated but unproven is the fact that a lead intake 
over a five-year period in excess of 0.6 mg per day will result in the 
accumulation of a dangerous quantity of lead in the body during a life- 
time. Hence, lead in drinking water should be held below 0.05 ppm and 
water containing more than that should be considered unacceptable for 
human eonstinptiani stot? 

Selenium (Se). Natural surface waters have been found to contain 
up to 2.5 ppm and natural ground waters monte 1,600 ppm of this element 
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In some regions, the presence of selenium in soils and plants 
has presented a problem in livestock management. Cattle feeding on plants 
containing up to 25 ppm of selenium suffer the chronic “alkali disease" 
and plants containing 100 to 1,000 ppm may produce in them the acute 


(194) In animals (hogs, calves, sheep, horses) 


disease "blind staggers". 
fed inorganic or organic selenium compounds, selenium is found generally 
in the liver, kidneys and spleen in the acute stage of the poisoning and 
in the chronic stage, it is predominantly in the liver and kianeystat?>? 
Fitzhugh‘ +96) reports that rats fed selenium in a grain diet 
at six concentrations varying from 3 to 40 ppm showed toxic effects at 
all selenium levels. The main pathological lesion found was cirrhosis 
of the liver; among 43 cirrhotic rats which survived 18 months or longer, 
hepatic cell tumors developed in ll. 
Mild chronic selenium poisoning has been seen in man living 
in seleniferous regions and toxic symptoms have been observed in persons 
breathing hydrogen selenide at a level as low as 0.2 ty ee Had jimarkos 2??? 
found a correlation between urinary selenium and the prevalence of dental 
caries in school children living in seleniferous localities and he con- 
cluded that this element may be a factor bearing upon the increase of 
susceptibility to caries attack. 
Because of the potential seriousness of the result of selenium 
on man, particularly the possible carcinogenic effect, selenium in drink- 
ing water should not be permitted to rise to a quantity in excess of 
0.01 ppm, (254) 
Silver (Ag). Silver is not likely to be found in any large amount 


(182) 


in natural waters. One investigator’s examinations showed only traces 


of it in samples of natural surface and ground waters. 
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The need to protect the health of water consumers against 
adverse physiological effects of silver derives from its intentional 
addition as a disinfecting agent. Silver added to water acts in a certain 
definite way on bacteria, and on the microfauna and microflora in the 
water. Part of the added silver remains ionized for a considerable period 
of time and conveys thereby a germicidal property to it which serves a 
useful purpose in combatting any secondary contamination, according to 


(198) 


Just. However, following his experimental work with silver-fed 

rats in 1936, he concluded that the use of silver in water for disinfecting 
purposes could not be considered a procedure innocuous to health. Just 

and his coworker fed eight groups of rats drinking water containing doses 
of silver ranging from 0 to 1,000 ppm. All rats received the same food 

and were held under the same conditions. Histological examination showed 
changes in the kidneys, liver and spleen in those which had received 400, 
700 and 1,000 ppm. These changes became more distinct as the dose grew 
larger. 

The deposition of a silver compound in the body results in 
argyria which develops gradually whoa the silver enters the tissues by 
direct injection, continued application to mucous surfaces, or long-time 
oral ingestion. It is practically tacheanletine’* The amount of 
colloidol silver needed to produce this condition is caione’ However, 
nary ‘20? learned from studying cases of argyria that the smallest amount 
of metallic silver in silver arsphenamine, administered intravenously, 


(200) states that there 


which did cause this condition was 0.91 g. Hill 
is “abundant evidence that silver is deposited in the majority of the 


structures of the body in argyria with the possible exception of the 
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nerve tissues and muscles. The involved organs show no pathologic alter- 
ation that can be attributed to silver®. Once silver is fixed in the 
tissues, little excretion of it in the urine takes place. 

When silver-treated water is used for cooking certain vegetables, 
it is not unreasonable to think that these vegetables would combine with 
the silver in the water and thus convey silver to the consumer. However, 
great uncertainty is attached to an evaluation of the amount of silver 


(201) sports finding 0.06 - 


introduced into the body in this way. Kehoe 
0.08 mg of silver per day in feces and food. 
If it is assumed that all the silver absorbed by the body is 
deposited in the skin and that approximatd.y two liters of water is in- 
gested each day by a person, it can then be calculated that one could 
consume 0.01 ppm per day for a life time and 0.05 ppm for about 27 years 
before exceeding a limit set to preclude the deposition of 1.0 g in 
the skin. Therefore, the silver content of drinking water should not 
exceed 0.05 Selo t) 
The second group of substances are of varying physiological 
importance but have definite bearing upon the acceptability of the 
water for domestic use. Water containing these substances in quantities 
exceeding the limits subsequently or heretofore shown will be objection- 
able to many people. If water containing any of these constituents 
can be avoided by a reasonable and economical shift to another source 


of raw water supply, by appropriate treatment or, by other quality 


control practices, such change is recommended. 
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Group II: 
1. Alkyl Benzene Sulfonate Og Lron 
2. Arsenic (See Group I) 9. Manganese 
3. . Carbon Chioroform Extract 10, Nitrate 
4, Chloride ll. | Phendis 
5. Copper 12. Sulfate 
6. Cyanide (See Group I) 13. Total Dissolved Solids 
7. Fluoride (See Group I) 14. Zine 


Alkyl Benzene Sulfonate (ABS). Synthetic detergents or surface- 


active agents are cleansing compounds of organic chemical structure 
which have come into widespread use for many purposes. Chemically, 
there are two types of them, lonic and nonionic, and the ionic type 
may be either anionic or cationic. More than 75 per cent of the 
surfactants in household detergents are of the anionic type and alkyl 
aryl sulfonates comprise three-fourths of these, the remainder being 
mostly alkyl sulfates. 

Alkyl benzene sulfonate is the sodium salt of commercial 
sulfonated dodecylbenzene; it is the most commonly used synthetic 
surface-active agent in household detergents and it is material of 
this variety which falmont likely to be found in raw waters receiving 
wastes from homes and other places. 

Walton has reported that samples of Illinois River (U.S.) 
water taken at ten different locations showed apparent ABS concentra-~ 
tions from 0.5 ppm to 1.3 ppm. He has also summarized the results of 


many studies of ABS concentrations in water supplies in housing 
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developments where each unit had its own well and subsurface sewage 
disposal system, In the 976 well waters examined, 357 had ABS cone 
centrations of at least 0.1 ppm and, in three cases, it was 4.0 ppm, ‘202) 

Man may also consume detergents adhering to inadequately 
~eleansed household utensils and dishes. 

Drinking water containing as little as 2.0 ppm of surfactants 
can cause a discernible taste which chlorine may intensify and then 
remove (203) and frothing has been reported to have occurred at a 
concentration as low as 0.6 pemeeote 

There appears to be little specific relationship of toxicity 
to surfactant activity. ‘7°>) Fitzhugh and Nelson‘206) studied the 
chronic oral toxicity of several surface-active agents including sodium 
alkyl aryl sulfonate and concluded that the toxic effects were produced 
by irritation of the gastrointestinal tract; irritation prevented 
proper nutrition. A 2 per cent concentration of this agent in the 
diet of rats caused'a significant decrease in their rate of growth 
and 1 per peut (10,000 ppm) slightly retarded it. Freemansee?) learned 
that the ingestion by humans of 100 mg of purified sodium alkyl aryl 
sulfonate daily for four months led to no significant evidence of 
intolerance. 

Concentrations of ABS above 0.5 ppm are indicative of an 
undesirable level of sewage pollution and this fact, coupled en the 
tendency of drinking water to foam when containing 1.0 ppm, points to 
the desirability of establishing 0.5 ppm as the limit above which ABS 
(154) 


should not be permitted to rise in domestic water 
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Carbon Chloroform Extract (CCE). Procedures are available for 
the determination of the inorganic compounds in water, The identifi- 
cation and measurement of specific organic compounds is a more demand- 
ing task and it is even doubtful if a complete analysis of them could 
presently be made, | 

Synthetic organic substances ee eat in number at a very 
rapid rate since about 1940 until today thousands are being used in 
our living and manufacturing processes. Many, of course, find their 
way into waterways and are now present in several major streams in 
the United States in concentrations up to 0.5 ppm, '298) Recent 
studies ‘2°9) have shown the CCE content of samples of finished drink- 
ing waters coming from 64 surface water sources in the United Saree 
to be Be follows: ao. ranging from 0 to 0.05 ppm3 28 from 0.05 to 
‘O01 ppms 7 from 0.1 to 0.15 ppmg and 2 from 0.15 to 0.2 ppm. 

Records do not reveal any human illness attributable to 
these complex compounds in drinking water but past experience is not 
a guarantee that this situation will prevail in the. future because it 
must be assumed Arete tolerance to these materials is not 
unlimited. 

Total absence of organic residues from drinking water is the 
most dgsirable woos tions when they are present, it oe that man-made 
or Bead pollutants are not being removed from the raw water by the 
treatment processes in use or that some secondary contamination is... 


taking place. In view of the present inability to clearly characterize 
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and interpret the chemical and toxicological nature of organic 
residues, it is desirable to limit them to the lowest level attainable 
and not to exceed 0.2 ppin, (154) 

Chloride (Cl). (See Total Dissolved Solids.) 

Copper (Cu). Tepe tsont copper is found fairly often in trace 
amounts in natural water. Examinations by Kehoe (182) proved its 
presence in natural surface waters in quantities up to 0.068 ppm and 
in natural ground waters up to 12 ppm. Braidech 163) reported it in 
amounts varying from 0.005 ppm to 0.6 ppm after examining samples of 
domestic water supplies in 24 cities in the United States. 

Copper may be accreted by domestic water by solution of 
copper and brass water pipes and other copper-bearing equipment in 
contact with the water. According to Hale(210) | a committee of the 
New England Water Works Association said that "* * * it has been 
shown that with acid water having a pH value of about 6.5, the copper 
content is generally only about 0.5 ppm even after standing in the 
pipe lines for an appreciable length of time." In the management of 
water purification systems, it is not uncommon practice to use copper 
sulfate in impounded bodies of water as an algicide, the normal 
dosage ae being less than 1.0 ppm'211) , 

Copper is beneficial in human metabolism and a deficiency 
of it results in nutritional anemia in infants. It is estimated that 


adults require about 2.0 mg per day‘199) 


and pre-school=-age children 
about 0.1 mg daily for normal growth. Excretion by the body in urine 


averages 1.0 mg per day; the remainder is eliminated in the feces. 
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Normal diet plus that acquired from drinking water provides an adequate 
copper intake. Small amounts are not pore dored to be toxic but pro- 
longed consumption of copper may result in damage to the liver. 

Copper gives water an undesirable taste; the degree to which 
it is objectionable depends upon the taste perception of the consumer. 
At a concentration of 2.6 ppm in distilled ite and 5.0 ppm in 
spring water, copper taste was apparent to 5 per cent of a test 


pane1‘222) , 


On the basis of taste, it.is desirable to reduce the 
copper content of drinking water to below 1.0 ppm (154) , 

r on_(Fe). moa is one of the most abundant constituents of 
rocks and soils a oe be found in many natural waters in bivalent 
or trivalent form. Industrial “yy and acid drainage from mines 
contribute seats to Perera waters. Riddick (213) reports iron in 
certain North Carolina (U.S.) ground waters ranging from 2.0 to 5.0 
ppm and Hem‘157) states that in aaicieenetey iron may be present in 
amounts senate 100 ppm. Kehoe (182) found the mean concentration 
Seer ere crinicing water cuvplies of 37 communities: in thé 
United States to be 0.3 ppm. | 

Tron a very objectionable constituent in a finished 
drinking water, either for domestic or industrial use. It eaehaadl 
a brownish color to laundered goods and stains plumbing fixtures, 
and it affects adversely the taste of beverages. 

Water containing iron may taste bitter or astringent depend- 


ing upon the amount of iron in the water and the acuity of the 


consumer’s taste perception. Cohen et ai (212) found that 5 per cent 
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of a test panel could taste 0.04 ppm of ferrous iron in distilled 
water and 0.12 ppm in spring water. 

* kecording to Soliman 299) , iron is. essential to the 
metabolic activity of all, mammalian cells, ‘A, normal American diet 
Chon)” panerallys from pee mg of iron daily, an amount sufficient 
for nutrition, The average dai ty, retention of iron by normal mole 
Bpprexiaates 2.0 mg but as absorption is poor, larger quantities’: 
need to be taken. The. iron that is not retained passes into the 
feces. : 

The recommended‘154) 1imit beyond which the quantity of 
iron should not be permitted to rise in drinking water is 0.3 ppm. 
This limit is: based es the feasibility of its removal; iron has no 
toxicological significance. 

Manganese (in). Sooeaeae in natural water may be expected to» 
be found in the bivalent and quadrivalent states. It is present there 
as a result of its solution from soils, and sediment aided by bacteria 
or organic chemicals. 

In most natural waters, the amount of manganese is, less, than; 
0.2 ppm. A higher concentration may be found in ground and surface. 


(214) 


waters pat, it does not ordinarily exceed 1.0 ppm unless there 
are eet ions from mining or other industrial operations. 
Sediments deposited in impounded waters may yield manganese for 1-10 
years or longer after the impoundment has been filled. The amounts 
detected in such reservoirs has varied from 0.2=20 ppm, (215) In his 


study of the constituents in the drinking water of United States’ cities, 


Kehoe (182) determined the mean concentration of manganese to be 0.017 ppm. 
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Manganese contaminates everything it touches, producing gray 

to black stains. It forms incrustations in water distribution pipes 
and reduces their carrying capacity, ‘and it.causes discoloration of 
industrial products. Like iron, mtcareakadataden the taste of 
drinks. Cohen and his associates reported it to be detectable by 
5 per cent of a test panel when 3.4 ppm were present in distilled 
water and, by estimation, to 50 per cent when 180 ppm were concentrated 
in spring water, (212) 

| In mammals, manganese is 24 essential food element; a 
‘deficiency of it interferes with growth, blood and bone formation 
and reproduction, according to Sollmann, ‘199) Daily intake for man 
is about 10 mg $ orally kcal hbatered manganese passes chiefly into the 
faces) only a small amount being absorbed, Oral administration of it 
Pebibnadnst form to animals results in hepatic cirrohosis. Prolonged 
exposure oe excessive amounts of manganese in dust form leads to the 
peinetpad toxic effect, namely,. manganese toxicosis, with prominent 


(216) 


cerebral symptoms. Kawamura reported 16 cases of manganese 
poisoning, five of which were sd severe that two of them died. These 
patients had consumed manganese-containing water of a well around . 
which 300 dry cells had been buriéd, The amount of manganese in the 
water was not given. There are no data to show the level at which 
ingested manganese becomes harmful to man. 

Because of aesthetic and economic considerations, it is 


recommended‘+>4) -that the amount of manganese in drinking water be 


less than 0:05 ppm. 
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Nitrate (NO3) . Nitrogen may occur in water in several forms, 
depending upon the level of oxidation but nitrate, the completely. 
oxidized state of neonart is the principal form in most Pad 
water. The nitrate content of surface waters free of pollution is 
seldom as high as 5.0 ppm and Berea i ean than 1.0 ppm. In ground 
water, however, the concentration may run from 0 to nearly 1,000 
ppa\157) , The character of the plant life covering the: ground, the 
use of nitrogen-bearing fertilizers for soil improvement, the dis- 
charge of sewage and other wastes into rivers and streams, and other 
factors affect the nitrate content of water. 

| In 1945, Comly‘21?) first implicated nitrates as the 
causative factor producing two cases of cyanosis with serious blood 
changes in infants in Iowa (U.8.). in. one casé, well water naeacin 
food preparation contained 140 ppm of nitrate and 0.4 ppm of nitrite 
ion; in the other case, the well water used had in it 90 ppm of 
fitrate and 1.3 ppm nitrite ion. These and other cases of methemo- 
globinemia made evident the danger of high-nitrate water to the 
_. health of infants. Campbell 's‘218) disoussion of a similar case in 
Northern Ireland indicated the presence of nitrate-contaminated water 


(219) 


. ain other parts of the world. Donahoe pointed out that breast- 


..fed infants of mothers drinking high-nitrate water may be poisoned 
and that cows consuming it may give milk containing sufficient 
| nitrate to produce an adverse effect. 


(220) 


In 1951, Walton summarized the methemoglobinemia 


situation in the United States by pointing out that there had been 


more than 278 cases and 39 deaths reported, With respect to 214 of 
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Says 
these pasess the available data indicated that 37.8 Bee Sateen 
Ghadelated: with infant food containing well-water having a nitrate 
concentration in the range of 51-100 poms 43.1 per cent with a 
eoncentration of over sOe4 tees and the remainder with a concentra-_ 
tion of 11 to 50 ppm. Evidence indicates that surface waters do not 
present a problem of this kind except in very unusual cases. 

Sodium nitrate has been fed to rats in quantities up to 10 
per cent their diet for their lifetime and, other than some 
depression in growth at feeding levels above 1 per ean no Naan tose 
effects were noted in them. When two dogs were given 2 per cent 
sodium nitrate in their food. for 105 es 125 days respectively, ree 
were no Baeiods adverse effects or disturbances in the blood. (221) 

It has been hypothesized that the susceptibility of infants 
to methemoglobinemia is connected with the acidity of the gastric 
juices which act upon ingested nitrates. “When the acidity of the 
gastric juice is low, nitrate-reducing bacteria thrive in the upper” 
intestinal tract, there reducing nitrates to nitrites, which in turn, 
are absorbed into the blood stream" causing a change in the hemoglobin: 
of the blood, (224) Because the gastric juices of infants’ under” six: 
months of age are more acid.than those of adults, they are more 
susceptible; adults are not affected like infants. by drinking: the same 
nitrate-contaminated water. 


In light of the many uncertainties attached to the presence, 


lw Of nitrate. in. drinking. water, a.limit. of. concentration beyond which wie swao myers 


its presence should not be tolerated is set at 45 ppm, 6154) There is 
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currently no single and economical method for removing excess nitrate 
from water. Therefore, in areas whers if: is known to be present 
beyond the above limit, the public should be warned of the en 
danger of using high-nitrate water for infant feeding, 

Phenols. The "term" phenals includes cresols and xylenols. These 
compounds may be present in raw water used as sources of supply for 
water purification systems as a result of pollution by industrial 
wastes. Kremer and Cunjak (222) describe finding a concentration of 
0.019 ppm in the lower Allegheny River (U.S.), 0.054 ppa in the Iower 
Monongahela River (U.S.) and 0.07 ppm in wells adjacent to these 
rivers. | 

The amounts present would be of little significance were it 
not. for the objectionable tastes and odors resulting when phenol- 
bearing water is disinfected with chlorine, a water purification 
practice now used extensively ‘throughout the world. Baylis has 
estimated that the smallest amount of phenol that can be tasted in 


chlorinated water is considerably less than 0.01 ea eon and. 
224) 


states that the addition of a fraction of 1.0 ppm of 


Cunliffe’ 
elemental chlorine to phenol<contaminated water makes the phenol 
taste detectable in dilutions of 0.0025 to 0.005. ppm. 

of phenol to Pace to study its action on them. He found no results 
unfavorable to these animals when phenol was present in the water in 
amounts ranging from 15 ta 1,000 ppm. At 7,000 ppm the rats’ growth 


was retarded and when the concentration rose to 10,000 ppm both 
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growth and reproduction were hindered. . A large amount of phenol is 
rapidly conjugated to less toxic. substances and eliminated in the 
urine as rapidly as it is absorbed; considerable seems to e metabolized 
or lost. | 

Pacalseuat the very general custom Sfcdi sintebting drinking 
water with chlorine and the ability of the latter te intensify the 
repulsive taste of an extrenely low concentration of phenolic compounds, 
6.001 ppm is recommended as the upper limit to the presence of this 
. Substance in drinking water, (154) 
Sulfate (S04). See Total Dissolved Solids. 


Total Dissolved Solids. It is well known that many people 


regularly drink water, without any obvious ill effects, which contains 
amounts of chlorides, sulfates or total dissolved solids in ee 
limits deemed acceptable by the modern water purveyor. More than 1.00 
public water estiee in the United States contain over 2,000 ppm of 

' @issolved solids. Some people adjust themselves to mineralized water 
and accept it without Piel ant irenotlan tet others do not and are 
likely to reject it, seeking a supply more to their taste. Toa 
visitor or a new resident, a mineralized water undoubtedly has an 
intolerable taste. oy 


Richter 226) 


used a panel of normal people to pit their 
taste response to sodium chloride in distilled water. He found that 
the panelists were aris to distinguish a sodium chloride solution from 
distilled water in an average Dauenteation of 160 ppm and that the 
salt taste was first reccanized when the average concentration was 


870 ppm. As long ago as 1907, Whipple‘227) studied the taste- 


per'ceptiveness of about 20 people, using various salts in distiltéd 
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water. The concentration at which each salt could be detected by the 


participants varied within the following lower and upper lLimitss: 


Salt Range in ppm 

Calcium chloride 150 =| 350 
Magnesium chloride 200 ~ 750 
Potassium chloride awa50"" “= 600 
Sodium chloride 200, = 450 
Calcium sulfate 250 = 900 

' Magnesium sulfate 400 86s ~—Ss«CG 00 
Sodium sulfate 250 = 550 


Lockhart, (228) using 18 or more persons as a panel, determined threshold 


concentrations in distilled water with the following conclusions: 


Salt 
Calcium chloride 347 
Potassium chloride 650 
Sodium chloride 345 
Magnesium sulfate 500 


Water high in dissolved solids, particularly sulfate, is 


likely to exert a laxative effect on a consumer unaccustomed to it. 


Moore (229) summarized survey data available from users of water 
coming from 248 wells and with.a dissolved solids content of over 
1,000 ppm, most of which was sulfate in a majority of the wells. His 
conclusions were based upon positive statements with respect to the. 
laxative effects. Water containing 1,000-2,000 ppm gave difficulty 
to 21 per cent of the survey respondents; above 2,000 oa more than 
50 per cent of the people suffered a laxative result; and a concentra~ 
tion of 4,000 ppm was almost certain to be laxative. A concentration 
of sulfate and magnesium together is critical at about 1,000 ppm and 

' when the concentration is higher than ety 60 per cent or more of 


the users will have trouble. More than 2,000 ppm of sulfate alone 
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can be expected to produce discernible physiological effects. 

Coffee brewed with highly mineralized water is less | 
acceptable in taste than.when made with water containing less chloride 
and sulfate. | 

The factors impelling the setting of limits of concentration | 
for chlorides, sulfates and.total dissolved solids in drinking water 
are generally aesthetic and-economic ones, A gross chloride coricentra- 
tion makes water completely unusable for drinking and sulfates may be 
laxative which is annoying to some and intolerable to others but 
small amounts of these constituents can be and are borne by consumers 
if they do not move to acquire a supply with a better taste. 

It is desirable in the production of a high-quality drinking 
water to hold the concentrations of the following constituents below 
the levels ahesp chloride ~ 250 ppm; sulfate - 250 ppm; total 
dissolved solids - 500 ppm, (15) 

Zinc (Zn). Normally zinc would not be anticipated in natural 
ground and surface waters in more than trace amounts although Hem‘157) 
has reported two mine waters containing 200 ppm and 345 ppm respéctively. 
Braidech's‘1©3) spectographic findings on “the drinking water of 
American cities showed a ginc content ranging from 0.005 to 0.2 ppm 
and Kehoe (182) found a mean concentration of 0.136 ppm in the drinking 
water of 37 large communities in the United States. 

Zine is a beneficial element in human metabolism. The usual 
daily human intake is 10-15 mg. Excretion of zinc is by way of the 
alimentary tract and very little is retained; feces contain about 10 mg 


and urine 0.4 mg each day. 
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The oral toxicity of zinc compounds is low and 30-40 ppm in 
drinking water is considered safe according to Solimann, (199) 
Anderson (230) ees Heal communities in which water containing 
zine in amounts varying from 4.9 to 18.46 ppm was ingested without 
ill effects. Scott (231) has described the sole and non-harmful use of 
a drinking water with a fluctuating zinc content of 20.9-40.76 ppm for 
more than two years by 200 men at a military post. : 

Drinker ’*2*) sand har sesgoiates fed daily doses of 175 to 
* 1,000 mg of zinc oxide to dogs and cats for 3 to 53 weeks. The 
animals ° Boalth was not affected; neither did histological examination 
following autopsy disclose any damage to their organs attributable to 
Zinc. | 

Zinc salts act as gastrointestinal irritants; the ingestion 
of them in food where their taste is disguised produces an acute 
though transitory illness within a few minutes after ingestion. Rats 
deficient in zinc show a nutritional disturbance and their growth is 
only about one=third Lproets of normal ones, (232) (199) 

A take taste is imparted to water by 40 ppm of sino. 6220) 
7 Five per cent of a test panel detected zinc sulfate in distilled 
Geter when the concentration was 4,3 ppm. ‘212) If water containing an 
“ssp teucig: amount of carbon dioxide remains in contact with galvanized 
Pipes or containers, zine will almost surely be dissolved from tien: 
Water takes on a milky cere when it contains 30 ppm of zinc 


(234) 


carbonate. 


= 23 — 

Although zinc does not have poisonous qualities to seriously 
impair man’s health when present in his drinking water, it iis responsible 
for aesthetic effects which should be avoided; hence, zinc-contaminated 
drinking water should be accepted only when ‘the zinc content is less 
than 5.0 ppm. (154) 


Comparison of the International ‘235) and the U.S. Public Health 
Service Standards for the Chemical Characteristics of Drinking Water* 


Public Health 


International Service 

Arsenic (As) O1 0.2 0.05¢4) 
Barium (Ba) 1.0 
Cadmium (Cd) 0,601 
Chromium (hexavalent Cr) 0.05 0,05 
Cyanide (Ch) ° 0.01 0.2 (2) 
Fluoride (F) If present in excess of See table 9 

1.0-1.5, dental fluoro- 

sis or worse effects may 

resi t. 

Optimum amount to pre- 

vent dental caries - 1.0. 
Lead (Pb) O06 oka 0.05 
Selenium (Se} 0.05 0.01 
Silver (Ag) 0,05 
Nitrate (NO3} In infants under 1 Ae 


year, 50-100 may give 
rise to infantile 
methemoglobinemia. 


Where nitrate content is know to be higher than 
specified Limit, public should be warned of 
potential danger of using water for infant feeding. 


(1) Where other more suitable water supplies are available at 


reasonable costs, these limits shouldbe reduced to: 
arsenic =- 0.013 cyanide = 0.01. 


* All figures are in mg/l. 
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Not to be 
Permissable(1) Excessive(2) Exceeded (3 ) 
Alkyl Benzene 
Sulfonate (ABS) 3 0.5 
Calcium (Ca) - 75 200 
Carbon Chloroform 
Extract (CCE) 0.2 
Chloride: (C1) 200 600 250 
Copper (Cu) 1.0 LaS 130 
Iron (Fe) 0.3 1.0 0.3 
Magnesium (Mg) 50 150 
Magnesium plus 
Scdium Sulfate 500 1,600 
Manganese (Mn) | Oo1 Oa5 0.05 
Phenols 0.001 0,002 0.001 
Sulfate (S0,) 200 400 250 
Total Dissolved 
Solids _ bad’ 560 1,500 500 


Zinc (Zn) 50. 15 AY 5.0 


(1) “The limits * * * designated "permissable? apply, to a water that 
would be generally acceptable by consumers." 


(2) "Values greater: than those listed BeBe would markedly 
impair the potability of the water.” 


(3) The substances listed should not occur in excess of the limits 
given where other more suitable water hye tes are, or can be 
made, available at reasonable cost. 
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RADIOACTIVE MATERIALS IN WATER* 

Man is continuously exposed to minute amounts of ionizing 
radiation coming from his environment but this natural exposure is not 
sufficient to result in any discernible physiological effect. With 
the development of the nuclear industry and the utilization of its pro- 
ducts, some small amount of additional radiation exposure is unavoidable. 

Ionizing radiation injures man by producing a harmful effect 
on the body's living cells; bone marrow may be damaged by chronic ex- 
posure to low concentrations of Par acre and sa Say aad ith two of the .. 
most hazardous radionuelides. Any human radiation exposure should ‘be } 
Looked upon as harmful and any unnecessary exposure send be ean 

Avoidance of radiation exposure is decidedly the best way to 
escape injury but today complete isolation from man-made Padi ata ba 1s 
not always possible in some ere of the world. If it is secaned that 
some artificial radiation will be present in man’s environment, action 
. should be directed to minimizing it to the Cran eawertart feasible. 

| As some wastes from the nuclear industry often reach water 
courses, the presence of radioactive materials in drinking water. drawn 
from them becomes a matter of concern. Currently the nuclides Pence 
~ and strontium”? are of such importance that they merit attention in any 


consideration of the quality and safety of the drinking water used ‘by man. - 


* This discussion and the safe limits of concentration set forth here 
are drawn largely from the U.S. Public Health Service Drinking Water 


Standards ‘154) and a supporting appendix. 
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Radium@2° (na??6), For Bare te a Sacre daily intake of 220 uuc* 
(236) (29?) sa 


for the general population, onenthirtieth of that amount or 7. 3 uuc per 


(238) (236) 


day is appropriate. Based upon the assumption that a person” 


drinks 2.2 liters of water per day, the limit of concentration for Ra a6 
would be 3.3 uuc per liter. However, man receives from other sources — 
such as food some radioactive material and for that reason the Limi bing 
concentration of rave in drinking water should be less than 3 uuc per 
liter, a determination to be based upon an average value for a period of 
a year. anne water containing Ra®2o in excess of this limit should 
be considered to be unacceptable unless there is evidence that the total | 
intake of Ra“? from food is less than normal, in which case the limit 
for drinking water may be correspondingly increased. The main Seeern. 
with respect to man’s health is that the daily intake of nae is below 
7e3 wiic. | 

Strontium”? (sr70), The recommended maximum daily intake limit 
for Seat tinons occupational exposure from gr? is 2,200 ue (236) (237) 
and for the general population the exposure level Aeaaeti expedient is 
Meeetiiahieth of that amount or 73 uuc per day. (228) (236) If man drinks 
2.2 liters of water per day, this limit would convert to 33 wuc ‘per 
liter. Human intake of ace is mainly from consumed food and it is. 
believed that it will be difficult to reduce this concentration for 
some time to come because of the presence of Sr? in the environment. 


Therefore, the concentration of gr?? in drinking water should not exceed 


* wuuc = micromicrocurie 
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| | “= 493° 

10 uuc per liter, baged upon an average of determined concentrations cover 
a one year period. If the total. intake o£ sr”? is known, the Limit on 
its concentration: ain drinking | water Should be reduced, if cirkor eabeaA in 
order that the humen total intake will not exceed 73 wuc per day. 

Gross Beta etivity, A third factor applicable .to the safety of 
drinking water is gross beta activity. In the absence* of ions and Sr”, 
this activity shonld not exceed 1,000 uuc per liter to prevent unnecessary. 
exposure of the gut. | | i 
| Mixed Radionuclides. When drinking water contains par, So 
other radionuclides, the Limits set forth above should be modified to 
“make certain that the combined intake by humans does act result in ex- 
posure to radiation exceeding those recommended by the United States 
Federal Radiation Council and the International Commicsion on Redio- 
| logical Protection. (238) (239) For the general population, excluding 
natural ee tced beg and ‘medical exposures, these recommended values are: 
arts a plaxciaiam: of 5 rems to the gonads over a 30-year period and 42) 3 a 


maximum of 0.5 rem per year to the whole body of any individual . 


* Absence is here interpreted to mpan a negligibly small part of 


the amount in the limits established for these nuclides. 
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